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TECH'!'ICAL ASSISTANCE TEAM FOR EMERGE~CY RESPONSE REMOVAL AND PREVEJI.IlON 
EPA CO'!'TRACT 68-0J-6669 

July 24, 1986 

PCS f5137 u.s. Environmental Protection Agency 
215 Fremont Street 
San Francisco, CA 94105 

TDD 1098604-20 
TAT f098607-F-0014 

Attention: William E. Lewis, DPO 

Subject: Copper Cove Village, Copperopolis, CA 

Gentlemen: 

Enclosed is the report of the asbestos dust mitigation action 
taken in Copper Cove Villaqe, Copperopolis, California. 

If you have any questions reqardinq this aummary report, please 
do not hesitate to contact this office. 

Sincerely, 

John Kinq 
Technical Assistance Team Leader 

LL!~,J 
G':J; Flcf¥d 
Technical Assistance Team Member 

Enclosure 

cc: NPMO 
File 

Roy F. Weston, Inc. 
SPILL PREVENTION & EMERGENCY RESPONSE DIVISION 
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1 . 0 Site Background 

1.1 Origin o~ the Asbestos Prob1ea 

Copper cove Vi11aqe is located approximately 4 miles southeast of 
Copperopolis, California off of O'Byrnes Ferry Road in Calaveras 
county, and is depicted on the site location map (Fiqure 1). The 
jurisdictional boundaries of this subdivision lie within the 
Rocky Road Maintenance District. 

Construction of Copper Cove Village commenced in the mid-1960's 
and at that time the aqqreqate usP.d es roadbed material consisted 
of crushed serpentine rock. The rock was excavated from area 
quarries which are located in serpentine rock deposits 
characteristically known to contain chrysotile. A majority of 
these roads ( 16 mi.) constructed in Copper Cove Villaqe remained 
unpaved followinq completion. Studies in recent years have 
concluded that airborne asbestos concentration& increase near 
unpaved roads constructed of crushed serpentine rock due to a 
number of factors includinq vehicle traffic, silt content of the 
road surface, and decreased soil •oisture. 

1.2 Initial EPA ~nvolvement and Preliminary Assessment 

Copperopolis Community Board member Ron Shields, knowing of the 
health effects of chrysotile fiber inhalation, namely asbestosis, 
mesothelioma, and lung cancer, informed the Environmental 
Protection Aqency (EPA) Emerqency Response Section (ERS) of his 
concern that dust emitted from the gravel roads within the 
subdivision may contain asbestos ~ibers. This notification 
constituted the initial involvement of EPA with the Copperopolis 
site. 

On November 18, 1985, Technical Assistance Team (TAT) member 
Steve Wolfe traveled to Copperopolis and met with Ron Shields to 
discuss the situation. Mr. Shields informed Mr. Wolfe in detail 
of the potential problem existinq in Copper Cove Village in 
conjunction with the existing unpaved serpentine gravel roads. 
Mr. Wolfe then conducted a preliminary assessment which included 
an effective samplinq reqime and a representative pbotoqraphic 
documentation. 

2. o Sampling 

2.1 Preliainary Assessment Strategy 

Anticipating that the most probable areas for generating the 
highest amounts of airborne asbestos ~iberr. would be those .areas 

OOCC49 
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most heavily traveled, TAT aember Wolfe confined the samplinq 
locations to the aajor dirt road intersections within the 
subdivision (l"iqure 2). A aore thorouqh sampling was not 
possible since the assignment was limited to a one-day visit. A 
copy of the original PA report is included in Appendix III. 
Laboratory analysis of the PA samples revealed concentrations 
from 10 to 20 percent chrysotile asbestos, a level which exceeds 
the ERS action level of one percent. Unable to identify a 
responsible party at the onset, EPA ERS initiated a federal 
removal action. 

2 . 2 Initi ation of Federal R8llloval ActionjReaoval Action Strategy 

on Wednesday, April 30, 1986, EPA and TAT arrived in 
Copperopolis, CA to initiate immediate response action to 
temporarily aitigate the exposure potential of Copper Cove 
Village Residents to chrysotile asbestos dust. Representinq the 
EPA was on-scene Coordinator (OSr.) Dan Shane and TAT aember Gary 
Floyd. Personnel from the Pacific Strike Team (PST) and Reidel 
Environmental Services, Inc. (RES) were also on scene to assist 
in the removal action. 

The objective of the removal action soil sampling strategy was to 
augment the sampling strategy implemented during the PA. 
Although the PA sampling provided representative data for the 
unpaved gravel roads, aore emphasis was needed in the areas with 
discontinuous paved roads and selected stone driveways (Fiqure 
3). The sampling locations chosen on the paved roads were those 
points where the pavement had deteriorated exposing the gravel 
roadbed. Driveways were sampled on account of requests by the 
landowners or because the driveways showed characteristics of 
being recently graveled (clean, loose qravel: gravel piles). In 
the latter case landowner permission was received prior to 
samplinq. Also, due to the high volume of pedestrian and vehicle 
traffic, samples were collected on the Copperopolis Elementary 
school grounds (Fiqure 4). The aost heavily traveled areas of the 
grounds were sampled based on the PA samplinq strategy. These 
areas included the parking lot, playground, and school access 
road. 

2.3 Sampling Technique 

Both grab samples and composite samples were collected during the 
samplinq process depending on the characteristics of the soil 
medium. 

Individual grab samples were collected from areas of limited size 
(e.g. potholes in pavement) in which the soil compositions 
appeared to be homogeneous throuqhout the sample area. Composite 
samples, on the other hand, were collected from larger areas 
(e.g. aajor intersection, playground) with soils exhibitinq 

_heterogeneous characteristics. The composite samples were 
collected to produce a limited number of representative samples. 

3 000(51 
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In collecting both the grab and composite bulk samples, a six 
inch area of the soil surface was first cleared of veget ation and 
debris using a clean qarden trowel and the underlying soil was 
then removed to a three inch depth. Sample locations were 
photoqraphed and sketched, and pertinent sample data was 
documented. In the case ot collecting a grab sample, the 
excavated soil was placed directly .into a clean, numbered sampl e 
(VOA) jar and sealed. For composite samples, the soil from the 
first point in the samplinq area was placed into a clean 
cardboard bucket as were the subsequent samples taken fro,m that 
same sample area. Having all the individual samples from the 
same area in one bucket, the material was then homogenized by 
mixing with the trowel and placed into a clean, numbered sample 
jar and sealed. The trowel and bucket were then rinsed clean 
using acetone to prepare the instruments for the next sampling. 
Collection of surface qravel samples, whether qrab or composite 
samples, was accomplished in the same manner excluding the 
necessity to diq to a three inch depth. Soil samplinq was 
conducted in Level "C11 protective c : othing which included an air 
purifying respirator to prevent dust inhalation. 

2.4 Field Sampling Results 

All samples collected from Copper cove Village road or driveway 
surfaces (13 of 17 samples: 17\) revealed laboratory analysis 
results of l\ to 50\ chrysotile asbestos by volume. 

criteria, coupled 
samples (Appendix 
removal action. 

Laboratory analysis for all samples collected from the 
Copperopolis Elementary School grounds revealed asbestos 
concentrations of less than one percent by volume or none 
detected. The composite soil aample collected at the Home 
owners' Association Park also revealed no chrysotile asbestos 
detected. Finally, one grab sample was taken from Table Mountain 
quarry outside of Copperopolis and revealed an asbestos 
concentration of 10-20 percent. This aample was collected 
randomly for analysis since Table Mountain quarry may be a 
potential source of the Copper Cove Village roadbed aaterial. 

The primary matrix materials for all aoil/gravel samples 
collected consisted of clay particles, quartz, and feldspar. A 
data summary for all soil samples collected during this project 
is provided in Table 1. 

7 ooooss 
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3.0 Laboratory Procedures 

3.1 Analytical Techniques 

3.1.1 Soil ~aaples 

Optical polarized light microscopy, transmission electron 
microscopy, scanning electron microscopy, and x-ray diffraction 
can be employed to detect asbestos fiber concentrations in air, 
water or soil media. All methods are quantitative except x-ray 
diffraction which is a qualitative analysis with regard to bulk 
samples such as those collec:ted at Copperopolis. Of these 
analytical techniques, transminsion electron microscopy (TEM) is 
the most discriminating metho t and also the most expensive and 
time consuming. Accurate detec ·.:ion limits for TEM depend largely 
upon fiber morphology, optic .. tl properties, and the sampling 
media. Although analysis by pc1.larized light a icroscopy dol:!s not 
provide results to the same quantitative degree (lt by volume) 
that TEM does, polarized light microscopy analysis can be 
eompleted in a shorter turnaro~d time and for a lower cost. 

3.1.2 Air Samples 

Air samples are typically collecte~ _ by drawing a known volume of 
air through a sampling cassette co~taining a cellulose filter. 
Fibrous material subsequently accum:tlates on the filter aembrane 
which is then analyzed by phase-ct'i'ltrast micros,opy. Phase
contrast microscopy does not discri~inate between fi~er types. 
Asbestos fibers, wood fibers, cellttlose, and fiberglass are 
counted as one fiber type if the fibe:.:- length to width ratio is 
three to one or greater. This unbiased ~etection capability must 
be considered when interpret~ng air saapling data obtained by 
phase-contrast microRcopy. Air samples can also be analyzed by 
TEM which again would provide better quantitative data with 
respect to fiber type, but would result in a longer turnaround 
time and greater expense. 

3. 2 Rationale for Selected Analytical Techniques 

Soil samples collected at Copperopolis were analyzed for asbesto~ 
using polarized light microscopy. This analytical technique was 
chosen based on cost, turnaround time, and detection limits. 

All except one o~ the nir sampling cassettes were analyzed by 
phase-contrae;t microscopy since a detection limit of .001 
fiberjcc could be achieved (2000-3000 1 total air volume/filter), 
and interfertng fibrous material was not characteristic of this 
area. Also, a taster turnaround time can be realized at lower 
analytical c:os·;s when using phase-contrast microscopy. Sample 
TAOOl was the exception to this analytical technique. This 
sample was analyzed for asbestos using TEM. This analytical 
method was chosen for this particular sample because this 

8 
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• 
cassette had purposely been subjected to a test acenario (sec. 
5.3.1) which attempted to aimulate worst case dust emissions. In 
this scenario the possibility existed that fibers with an aspect 
ratio of less than three to one would be generated due to the 
abrasive action of heavy vehicle traffic. TEM was aelected based 
on the sensitivity and ability of this analytical technique to 
detect smaller fibers. 

3. 3 Quality Assurance/Quality control (QI/QC) 

Maintaining the quality of the aampling regimes, from field 
collection to laboratory analysis, was a primary consideration 
that ensured reliable data. One blind blank was submitted for 
analysis for every ten air samples and fractions of ten. In 
addition, air aamples were collected from upwind control points 
during each sampling circuit. All aamples collected at 
Copperopolis were logged and a strict chain of custody procedure 
was followed. The contracted laboratory examined each bulk soil 
sample submitted under low aagnification to ensure that the 
sample was homogeneous and to make a preliminary identification 
of fibers present. Next, quantification of those fibers was 
obtained through higher magnification (400-450x) and manual 
counting. Every tenth soil aample was re-analyzed in the 
laboratory as an internal QA/QC procedure. This same procedure 
was applied to air samples as well. Re-analyzed results were 
required show a 95t or greater confidence level to be acceptable. 

4.0 Disposal Alternative for Asbestos 

here are three acceptable methods for the disposal of asbestos 
according to EPA. Those =~thods include: 1) excavation and 
transportation to an off-site landfill, 2) burial in an on-site 
landfill, or 3) in-situ capping. Several factor• influenced 
which method would be aost applicable to the Copperopolis aite. 
As mentioned earlier, the source of the asbestos-laden dust was 
approximately 16 miles of unimproved roads constructed using 
serpentine rock. Removal of such an excessive volume of roadbed 
material (estimated 850,000 cu. yd. ) would not only be extremely 
expensive and impractical, but the process would increase the 
risk of emitting additional asbestos fibers into the air and 
prove to be very disruptive to the residents of Copper Cove 
Village. ~~stic_ 1_1g!~r.1~~dit~~ 
AIHL.i~ . · .. -- ~ .A.Ut::u.,.fC ___ ~tlf!_- t ~~ 

com ound the d · bl cons der ng these ac ors, ~.ue 
most a e a erna ve -was o cap the road surfaces. 

12 
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5.0 Immediate Removal Action 

5.1 Decision to Apply Chip Seal 

• 
The initial plan of action was to apply a lignosulfate coating 
to the more than 16 miles of road surface to act as a dust 
suppressant and bonding agent. However, after making a 
comparison of liqnosulfate and chip aeal based on init:ial cost, 
ten-year total cost, annual efficiency of percent chrysotile 
controlled, frequency of application, ease of driving, and 
adverse environmental i acts (Table 2), OSC · Shane made the 
decision to use .. ·. :~·~ 

5. 2 'Giip.Jsen::aw.lJa.~!2f!:.:J 

5.2.1. •••:::t:..:_fApril 30- Kay 12, 1986) 

!;;li~~~f:n ~:d ctocfper ~~v~- ~~-~- ~~~e iri "'~~.tciR$JWZ:s~:7 
This preparation invo1ve·a·'~ · .... . to a depth of 3 to 4 inches 
which eliminated potholes a1icf"'uneven •urfaces and prc)vided a 

~=~;~~ ~~~w~~l!'Mflf~1f!~!a~~~ft!n~:t~!;.P a~~~;:~:a~~ 
runoff water, and. finally to J ~'b,{tt::mJ:•A~RD~!.#_}to compact 
the loose aggregate and insure • n IVen ...... aur:tace. A liLt .. *•• - -&rt-le
truck preceeded the grading operation and continuously aaturated 
the road surface to reduce dust emissions (the effectiveness of 
water application will be discussed in s.lt. After the roadbed 
preparation jas completed, a Wlif.JJYtft_;;!!L_, (SC-70} was applied 
"§ t"-=.lli.t J.l-.. ~;_,,JYPiU:::e~,iA~~.aa::~~- avan.t.. At the 
owner's request, private driveways received this same treatment. 
The last step of Phase I involved the application of a 
.. 11i.:l 1 lf to oiled road surfaces to facilitate drying i*a to minimize splashing aa a result of vehicle traffic. 

contractors involved with this phase of the road preparation and 
oil application included: Tri-County Construction (initial 
grading, rolling, watering), Reed and Graham (supplied and spread 
oil), Triple C (supplied rock dust), Glen Wilson Trucking (hauled 
rock dust to site), and Henley (applied rock dust). 

After the initial roadbed preparation and oil application phase 
was completed, a ten day curing period followed before the second 
and final phase of the removal action commenced. 

5.2.2 ~~~(May 20 - 22, 1986) 

s phase of the capping process a aingle layer ofGW } 
~~~Rwas applied to 8.6 miles of secondary roadways which 

ed to remain effective for up to 3 years. A double 
layer was applied to 8.1 miles of primary roadways including the 
first one half mile of Cheyenne, the aain thoroughfare of the 
subdivision, which increased the road •urface long1vi~y and 
effectiveness for up to 10 years (Figure 5). 

13 OOCC61 
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lADLE ~ A COMPARISON Of CONTROL ALTERNATIVES 
FOR REilUCING CIIRYSOTILE EMISSIONS FROM UNPAVED ROAOS 1- 11 

Annual 
Annual hn·r••r dllclencr Adv.,u 

••lnlentnct hn· r••r leltl Ull percent freqvencr tnvlren· 
Control Initial ''I' coat total uat U,ooo/•1 chrr•ot '') of .. "''' .... of 
opt ton U,000/•1 •• ,000/•1 SI,000/•1 (•ldunue) conlrellt applIcation' lllfi1Ch 4rlvlnu 

I. Slone repltct .. nL u 0.6·2. 5 J7·S5 46 100 I LIM Hone No chanu• 

2. Slngle· cool chip •••I 5·1 0 .1 II· JO 21 tO· tl.t J tl•u/ Mono hcelltnl 
10 rr ·-J . lrlple· coat chip •••I 20·ll 0.2 U · l9 Jl to· tl. t I tl•e/ None hcelltnl 
10 rr 

. 
4. Pelrole• product. 4· 11 4·11 40· I 10 75 10·15 I tiMs/rr ·, Hone Good 

s. llgnoauUonaled J. 6·1.1 J.6·1. 5 36·115 " 10·10 l UM/rr None Good 

6. talcl• chter lclt J·S J·S JO·SO 40 10•110 J liMt/rr Ytl Good 

7. Water and wetting agent• 27-41 27· 42 270· 420 J41 40·10 J u .. s/wt Mont fair 

•• Sp1td control 0 0 H · l048 

"' " .. None No change 
30·10 IIPh 

'· Speed control 0 0 14·76' 50 JJ .. None Na change 
30·20 •ph 

10. Slone repltnlshMnt II 0.6·1.5 16·44 JS , 1 LIM/rr None Na change 

:coate Include labor and aurfact preperatlon. All coat figures art In lt7t dollara. e Aa1u.ed to bo proportional te offltlencr In controlling dual eelaalonl. 
'Appl lcatlenl necessarr le ealntoln annual offlclencr riling. 
d.,,, coat of llgnosultouatu ••r be tlgnltlcanll)l reduced It 1 local suppl{ can be ucuretl tl ,_Inti cost. 

lhe rango 0 hllelled social cut of lf•• lost• br traveling tlo.,.,, An avanve del r tuftlc woiUM ef 100 wehlclu wu IUUMd. 

1raprt~tnU the ulue of loal tiM for Individual U4 par Clt·tlour) and c-.rclal driven (SI2. 50 ,., wehlclt·hour). 
Hut htOIIII. 
Assessment and Contro 1 of ChrysotJte _Asb_e_s~t_o._s__E_missi o_ns_ ~from Unpaved Roads , EPA Document 450/3-81·006 
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The --lli.W~i~.a4 ,tb• _appJ irrtiQA...G:~~t 
Mt:i"ni:o-;im~ o~e"!·'~'VDI5~:YeationWOOiaaiRi.nq:i'Of·::.·• 
be-t- aaplia:l·t'·=t:at-tclft'e"-e11U!rtmt"''ll!ft! -crushect~v:a-.,•eck.- This method 
insured better bonding results, a higher quality aeal, and 
consequently provided aaximum asbestos dust auppression. Also 
during this phase, culverts were emplaced at the entrance to a 
few private driveways at the owners' request. 

Contractors involved with this phase of the chip sealing 
operation included: Bob Harkrader Trucking (hauled lava chips to 
site) Don Milner (applied lava chips and rolled road), Ray Fuller 
(supplied culverts), and A•L Ready Mix (aupplied concrete for 
culverts) . 

5 . 3 Air MOnitoring 

Air monitoring for asbestos fibers was conducted concurrently 
with all road preparation, and oil application work (Phase I). 
EPA Document No. 560-15-85-024 established exposure guidelines 
whi ch state that ambient a i r concentrations of asbestos fibers 
which exceed .01 fibersjcc could result in adverse health 
effects. Relative to these guidelines, air aonitoring was 
conducted with the objective of documenting not only generated 
levels of asbestos dust exceeding the .01 fibers/cc limit, but 
all generated levels. The purpose of continuously wetting the 
road surfaces during the removal operation was to reduce or 
eliminate airborne asbestos fiber generation. Table 3 summarizes 
a l l air monitoring data for this project. From the table one can 
see that asbestos fiber generation was considerably less than .01 
fibersjcc. Variable or downwind asbestos concentrations ranged 
from was 0.00033 - 0.0015 fibersjcc, while the range for the 
control or upwind samples was 0.00033 - <0.00036. 

5 . 3. 1 Test Scenario 

In conjunction with the continuous air aonitoring of the road 
work, a test scenario was conducted in order to obtain results 
that would simulate the generation of airborne chrysotile 
asbestos fibers due to normal to heavy vehicle traffic in Copper 
cove Village. A aimilar test was first conducted by EPA in 1979 
(EPA-450/3-81-006). · 

A 0.3 aile section of Chief Road (Fi gure 6) was chosen for the 
test due to the representative road composition. The fact that 
this section of road had been dry for quite some time and that 
wind direction was typically perpendicular to the road aade the 
area ideal. Five air sampling locations were chosen at 
equidistant intervals along the entire test section, two of which 
were variable (downwind) locations and two were control (upwind) 
locations (pump f5 blew a fuse early on in the test). A weather 
station was also used to monitor wind direction, wind speed, and 
temperature at 30 minute intervals throughout the entire two hour 
test. 
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I 

I 

Start Settirg Sanple t Date 
Time (1/min) 

A001 1124 05/05/86 10 1/mir 

A002 1129 05/05/86 10 1/mir 

A003 1144 05/05/86 10 1/mir 

A004 1200 05/05/86 10 l/mi11 

A005 1215 05/05/8E 10 l/mi11 

A006 0737 05/06/8E 10 l/mi11 

A007 0737 05/06/8E 10 1/min 

A008 0802 05/06/86 10 1/mir 

A009 0815 05/06/86 10 1/mir 

-- --
V- Variable 

Table 3 
AIR SAMPLIN:i DATA 

SUMMARY SHEET 
COPPEROroLIS, CA 

Air PUmp Location Camlents 

On PaJXX)se Dr. at 
corner al:xwe s. int. of 

SE side of ro00 1 
downwind 

Papoose & Cheyenne 

sane as AQO, NW side of roa31 upwine 

On east side of downwind 
Cheyenne at int. of 
Bearclaw Way 

On east side of downwind 
Cheyenne at int. of 
Canoe 

On east side of downwind 
Cheyenne at int. of 
Salmon. (S. entrance) 

On PaJXX)se Dr. at SE side of roa:'J1 
corner atxwe s. int. of upwind 
PaJXX)se & Che}'E!t'U!e 

sane as 1\006 NW side of roa:'J 
upwind 

Canoe at Choctaw ( S) downwind 

Center Pt. of canoe downwind 

c 'J StOf 
TimE 

}I 163~ 

}I 163 

}I 1645 

)I 1700 

}I 1816 

}I 124E 

}I 124E 

}I 125~ 

}I 125E 

* - Phase Oontrast 
tW-e: Threshold value (TLV) chrysotile asbestos (CAS 12001-29-5) is 2.0 fibers/cc. 
"0" (fibers lorger than S micros with an aspect ration > 3:1) ACGIH 1985 
0 -

~ 
.!Jl 

UW ANALThiS 
no.>U~A> IV::S l""lt:l,t;K . UJUNl' ~WI"'r4 

Fibers/Filtet Fibers/cc liter 

<1100 •• <0.00036 3000. 

<1100 .* <0.00036 3000. e 
<1100.* <0.00036 3000. 

<1100.* <0.00036 3000. 1 

<1100.* <0.00052 2070. ! 

I 

<1100.* <0.00036 3000. 
! -<1100.* <0.00036 3000. 

<1100.* <0.00036 3000. 

<1100.* <0.00036 3000. 
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... 
00 

Start 5anple t 
Time 

A010 0828 

A011 0829 

A012 0819 

A013 0801 

A014 0907 

A015 0901 

A016 0954 

A017 1120 

A018 1128 

c - wnt.roJ. 
v - Variable 

0 
0 
~ 
~ 

a':J 
(]':) 

SettiB,;J Date 
(1/min) 

05/06/SE 10 l/mir1 

05/07/86 10 l/mir1 

05/07/86 10 1/mir 

05/07,186 10 l/mir1 

05/07,186 10 l/mi.r1 

05/07,186 10 1/mir 

05/08,186 10 1/mir 

05/08/8E 10 1/mir 

05/08,186 10 1/mir 

Table 3 (continued) 
AIR SJIMPL~ M'D\ 

st.MMARY SHEET 
COPF£ROFOLIS, CA 

Air Pump Location O:mments 

Canoe at Oloctaw (N) doW'Iwind J 10 1/min. 

tbrthern most end of upwind J control sta tior 
0\e}'enne for anbient rea:Hn:JS 

center p:. of Br:ave St~ dOWlwind 

int. of Oleif Rl. & doW'l at 091 0 start q:> 
Canoe St. at 1208: doW'lwind 

on 01e}'enne between doWlwind 
In}O Ct • & fby;" St • 

0\octaw at 01e~nne doWtwind 

EhtrCilce to lbne Ownere tfi side of roa:1 
Assoc. Park on Black doWlwind: high traffic 
Creek Rd. volt.rne 

Mid ~int between ()Jill dOW'! at 1320. Start at 
& Feather on Black 1445 off at 1755: 
Creek Rd. downwind 

()till R3. at Black 
Creek R3. 

off at 1200 on at 1210: 
doWlwind 

LAtS ANAl .vs rs 
( '.1 StOf: ~~-J.U) r l.l:lrt'K. UAJNJ.' VVI.Arlri 

TimE Fieers/Filte_r Fibers/ex liter 

}j 125S <1100.* <0.00034 3000. 

~ 1332 <1100.* <0. 00034 3000. 

}j 132r; <1100.* <0.00034 3000.1 
I 

~ 1500 <1100.* <0.00034 3000.1 

i 

}j 135e <1100.* <0. 00034 3ooo. 1 

I 

~ 13SS <1100.* <0.00034 3000. 

I 

~ 1535 4500.* 0.0015 3ooo. I 

~ 1750 <1000.* <0.00034 3000. 

~ 175S 2000.* 0.00067 3000. 



000067

..... 
\0 

Sclnple 

A019 

A020 

A021 

A022 

V- Variable 

0 
0 
0 
0 
(!) 
"} 

Table 3 (continued) 
AIR SAMPLING lli\'D\ 

&MMARY SHEET 
COPPEROFOLIS, CA 

Air Pllnp I.ocation <tmnents 

on Feather atJP:OX. 100 'I upwind 
N. of Sequoia Circle 

9fl side of int . of 
Feather & Pinion 

dOWlwind 

inside of hairpin turn I dOWlwind 
on Pinion. 

N/A - blank control blank 

1000.* 0.00033 I 3000. 

1000.* 0.00033 I 3000. 

1000.* 0.00033 o.o 

e 



000068

F~·gure 6 -· - ~ 

L--~------------------- -~ ______, 1• TAOOl and ~leather 
--------C~a:n:oe~S~t:re~e~t----------~ j J Station 

)J 

Chief Road 

( 

fa ~o I• noo; 

' ' 

""' 

/ 

Air Sampling 
Test Scenario 

Location Map 

Copperopolis, CA 
(not drawn to Scale) 

Chief Road\ 

•TA003 

20 
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Air aampling pumps were calibrated in the field to draw 16.7 
liters of air per ainute providing a total aample volume of 2004 
liters for each pump. This permitted accurate laboratory 
analysis by phase-contrast microscopy. 

'l'he test involved driving a vehicle at a representative speed (24 
mph) and aaking 80 consecutive passes of the sampling stations. 
All vehicle windows and vents remained· closed to avoid inhalation 
of any qenerated fibers by the driver. At the end of the test, 
all samples were collected and logged under chain of custody. 

Samples TA002 through TA005 (blank) were analyzed by phase
contrast •icroscopy as mentien -·-! t .arlier, while sample TA001 
was analyzed by TEM to serve as a comparison to the phase
contrast results (Table 4) . All test aample analyses showed 
elevated asbestos fiber concentrations when compared to those 
collected concurrent with road work. Two of the test aamples 
exceeded the .01 fibersjcc EPA exposure quidelines which auggest 
that driving on unpaved roads in Copper cove Village could have 
posed a health threat, and that watering roads prior to 
preparation work aignificantly aided in reducing airborne 
asbestos fibers. 

5.4 Weather Monitoring 

Monitoring of wind direction, wind speed and temperature was 
conducted concurrently with the road preparation and oil 
application phase of the project. Monitoring of the prevailing 
wind direction assisted in the selection of air aampling station 
locations. Weather station data summary is provided in Table 5. 
A graphic representation can be found in Table 6. 

5.5 cost Konitorinq 

Daily cost aonitoring vas completed on site by PST aember G. 
Perry with assistance from TAT member G. Floyd using the EPA's 
cost monitoring software and a personal computer. Total daily 
costs were reviewed and approved by OSC D. Shane, the PST 
Commanding Officer, and RES's project aanager at the close of 
work each day. 

6.0 Remedial Action 

With removal action completed by the EPA Emergency Response 
Section, the project has been turned over to the EPA Enforcement 
Response Section for remedial action. This initiative will 
involve further identification of potential responsible parties 
and possible removal cost recovery. 

OOGC69 
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Sclnple t Start lllte Settin;J 
Time (1/min) 

'11\001 1600 05/07/86 16. 7l/mir1 

'lr\002 1610 05,107/86 16. 7l/mil1 

'lr\003 1614 05/07/86 16. 71/mi.rl 

'11\004 1616 05/07/86 16. 71/mi.rl 

moos N/A 05,107/86 WA 

'11\006 N/A 05/15/86 WA 

-- --

'n:tble 4 
'n!st Scenario 

AIR SAMPLING IY\'m 
StH1ARY SHEET 

COPPEROIDLIS, CA 

Air Pllnp location <l:mments 

Canoe at Olief doW'lwioo: 80 passes 
w/vehicle lJ/9. 12 mtiJ 
2 hrs. duration 

3/10 mi. t<W of 'D\005 upwioo 

2/10 mi . l'f'l of 'D\005 doW'\ wind 

1/10 min tH of 'mOOS upwioo 

N/A - blank blank 

N/A- blank blank 

c '.1 Stot: 
TimE 

~ 180 

~ 180 I 

~ 1821 

~ 1a2e 

~ N/A 

l< N/A 

R>te: 'lbreshold limit value (TLV) chrys>tile asbestos (CAS 12001-29-5) is 2.0 fibersjcc. 
(fibers lc:xger than 5 microns with an aspect ratio > 3: 1) ACGIH 1985 
* Phase-Cbntrast anlaysis -

** TEM analysis 
0 *** Phase-<l>ntrast equivalent g C- COntrol 
:-, V - Variable 
'.} 
0 

--

LAB AIIIA .YSTS 

AffiES'l03 FffiER COON'!' \OW1E I 
Fibers/Filtet Fibers/cc liter 

** 0.90** 2004. I 

120,000n;J/ an 0.06*** e 
18000.* 0.0090 2004. 1 

i 

2000.* 0 .0010 2004. 1 

35000.* 0.17 2oo4. 1 

I 

i 

. <1000.* <0.00050 o.o e 
R>t ll'laly:aed R>t o.o 

Analy:aed 
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TIME DATE 

1038 05/03/86 

1246 OS/03/86 

1414 OS/03/SE 

1501 05/03/86 

0758 OS /OS/ 8E 

1047 OS/OS / 8E 

1242 05/05/86 

,.., 1 OS/OS/8E 

1 soo 05/0S/86 

1610 OS /OS /86 

1620 OS/OS/8E 

1735 OS /OS/8E 

2 3 

Table 5 
Weather Statton Data 

Sur.mary Sheet 
Copperopolis, CA 

Yt£ATHER STATICN I~ORMATICN 

LOCATICN Wind Speec Temperature Wind Dfre't lo~ 

MCP - Copper Cove Dr. <1 mph 60'F Nor theu t 
at Cheyenne w/raln 

MCP - Copper Cove Dr. 2 mph 61'F East -
at Cheyenne overeut Southeast 

MCP - Copper Cove Dr. 1-2 mph 56'F North -
at Cheyenne w/raln Northeast 

MCP - Copper Cove Dr. 8 mph S5'F North -
at Cheyenne w/raln Northeast 

MCP -Copper Cove Dr. <1 mph 53'F North -
at Cheyenne overcast Northeast 

MCP - Copper Cove Dr. 1-2 mph 59'F North 
at Cheyenne over,ast 

MCP -Copper Cove Dr. <1 mph 67'F North -
at Cheyenne - over,ast Northeast 

MCP - Copper Cove Dr. 1-2 mph 72'F North 
at Cheyenne 2-6 mph over,ut 

MCP -Copper Cove Dr . 2 mph 69'F North 
at Cheyenne 

MCP - Copper Cove Dr. 4-6 mph 66 1 F North 
at Cheyenne 

MCP - Copper Cove Dr. 0-2 mph 65'F Southwest 
at Cheyenne 

MCP - Copper Cove Dr. 1-2 mph 63'F North 
at Cheyenne 

00(}(71 
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TIME DATE 

18-49 OS/05 / BE 

0852 OS / 06 / SE 

0949 OS / 06 / SE 

1129 05 / 06 / BE 

1241 05 / 06 / SE 

1750 OS /06 / SE 

1919 OS/06 / 8~ 

0729 OS/07/Sf 

084S OS/07/BE 

0933 OS/07/86 

1046 05 / 07/86 

1235 OS/ 07/ BE 

2 4 

TableS (continued) 
Weather Station Data 

Surrmar y Sheet 
Copperopolis, CA 

Yt£ATHER STAT!~ ltf=ORrMTI~ 

LOCATI~ Wind Speed Temperature Wind Direct fo~ 

MCP - Copper 
at Cheyenne 

Cove Dr. 1-2 mph 61'F North 

MCP -Copper Cove Dr. 
at Cheyenne 

1-2 rnph 49'F North 

MCP -Copper Cove Dr. 
at Cheyenne 

1-2 mph 51'F East 

MCP -Copper 
at Cheyenne 

Cove Dr. 4-6 mph 58'F North 

MCP - Copper Cove Dr. 14 prnh 63'F North 
at Cheyenne 

MCP - Copper Cove Dr. 1-2 mph 60'F North -
at Cheyenne Northeast 

MCP -Copper Cove Dr. 1-2 mph s5'F North -
at Oteyenne Northwest 

MCP -Copper Cove Dr. <1 mph SB'F North -
at \.lleyenne Northeast 

MCP -Copper Cove Dr . <1 mph 70'F North -
at Cheyenne Northeast 

MCP -Copper Cove Dr. 4 mph 74'F North -
at Cheyenne Northeast 

Clear 

MCP -Copper Cove Dr. <1 mph 76'F North -
a t Cheyenne Northeast 

Clear 

MCP - Copper Cove Dr . 1-2 mph 80'F North 
a t Cheyenne Clear 

-- ----------

000(72 
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TIME DATE 

160S OS/07/8~ 

1630 OS/07/86 

1704 OS/07/86 

1733 OS/07/86 

1109 OS/07/16 

0752 OS/08/86 

113S OS/08{86 

1201 OS/08/86 

1.;06 OS/08/86 

1521 OS/08/86 

1 SS1 OS/08/86 

1732 OS/08/86 

25 

TableS (continued) 
Weather Station Data 

SLmnary Sheet 
CopperopolIs, CA 

~ATHER STATIC).~ IIIFORMATI().I 

LOCATI().I Wind Speee Ternperaturt Wind Direct lor 

Chief and Chactaw 2-4 mph 86'F Northeast 
(test area) Clear 

Chief and Chactaw 6 mph 82'F Northeast 
(test area) Clear 

Chief and Chactaw 10 mph ao•F East -
(test area) Northeast 

Clear 

Chief and Chactaw 2 mph 14'F Northeast 
(test area) Clear 

Chief and Chactaw 4 mph 78'F North -
(test area) Northeast 

Clear 

MCP - at Home Owners <1 mph 61'F North -
Association Park Northeast 

Clear 

MCP - at HOMe Owners 2 mph 76'F West-
Association Park Northwest 

Clear 

MCP - at Home Owners .4. mph 76'F Northwest 
Association Park Clear 

MCP - at Home Owners a mph 90'F North 
Association Park Clear 

MCP - at Home Owners 2-4 mph 94'F North 
Association Park Clear 

MCP - at Home Owners 6-8 mph 9S'F North 
Association Park Clear 

MCP - at Home Owners .t-6 mph 87'F North 
Association Park Clear 

00(;(73 
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TIME DATE 

1808 05/08/86 

0654 OS/09/8~ 

0757 OS/09/8~ 

0839 OS/09/8~ 

0925 OS/09/8~ 

1046 OS /09/86 

1142 OS/09/86 

1~46 OS/09/86 

1401 OS/09/86 

1711 OS/09/86 

2 6 

TableS (continued) 
Weather Station Data 

SWII!Iary Sheet 
Copperopolis, CA 

WEATHER STATI~ I!IFORMATIQ\1 

LOCATIQ\1 Wind Speec Temperature Wind Direct lor 

MCP - at Home Owners 10 mph sa•F North 
Association Park Clear 

MCP - at Home Owners <1 mph so•F North 
Association Park Clear 

MCP - at Home Owners <1 mph 70'F North 
Association Park Clear 

MCP - at Home Owners 1-2 mph 761 F North 
Association Park Clear 

MCP - at Home Owners <1 mph ao•F North -
Association Park Northeast 

Clear 

MCP - at Home Owners .C-6 mph as•F South 
Association Park Clear 

MCP - at Home Owners 2-4 mph 8S'F South 
Association Pa rk Clear 

MCP - at Home Owners 1-2 mph 89 1 F East -
Association Park Northeast 

MCP - at Home Owners 4-6 mph 89'F South -
Association Park Southwest 

MCP - at Home Owners 1-2 mph 95'F West -
Association Park Southwest 

OOCC74 
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7.0 Summary 

After beinq notified by the Copperopolis Community Board of a 
potential asbestos problem existing in Copper Cove Village, the 
EPA ERS dispatched TAT to conduct a preliminary assessment (PA) 
of the area. Soil samples collected durinq the PA were qathered 
from areas suspected to be the sources of airborne asbestos fiber 
qeneration ;uch as major intersections. Laboratory analysis of 
the PA samples revealed concentrations from 10 to 20 percent 
chrysotile asbestos, which exceeds the ERS action level of one 
percent. 

Unable to identify a responsible party at the onset, EPA ERS 
initiated a federal removal action which included additional soil 
sampling to substantiate the findings of the PA. Analysis of 
this second set of samples revealed asbestos concentrations as 
hiqh as 50 percent. The next phase of the removal action 
involved road preparation and the application of a sinqle coat of 
lava rock chip seal to 8. 6 miles of secondary roads, and a double 
coat to 8.1 miles of primary roads within Copper Cove Villaqe. 
Lignosulfate was originally intended to be used as the capping 
material, but comparison of this material to chip aeal based on 
product lonqevity, initial cost, maintenance cost, and ease of 
driving indicated that chip seal would be the best product for 
the job. 

Air sampling conducted concurrent with road preparation work 
indicated that qeneration of airborne asbestos fibers did not 
exceed the .01 fibersjcc guideline established by EPA. An air 
sampling test scenario was also conducted in which a 
representative section of unpaved road was subjected to two hours 
of continuous vehicle traffic. Air monitoring analysis of the 
test indicated that asbestos dust emissions can in fact exceed 
the . 01 fibers/cc l~vel as a result of drivinq on unpaved roads 
in Copper cove Villaqe. Daily wind apeed direction, and 
temperature werE. •onitored to assist in selectinq air aamplinq 
station locations. 

Daily costs incurred were accounted for on site at the close of 
each day usinq EPA's cost aonitorinq software and a personal 
computer. EPA ERS and TAT work was completed with the 
application of the chip seal. The continuing remedial work has 
been turned over to· EPA's Enforcement Response Section which will 
involve further identification of potential responsible parties 
and possible removal cost recovery. 

28 
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APPENDIX I 

Photographic Documentation 
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Copper cove Villaqe Asbestos Site, Copperopolis, CA 
PCS f5l37 TOO f098604-20 

Photoqrrher: _ sary Floyd _ _nate_:_._ 051o1; a6 

All 
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Copper Cove Village Asbestos Site, Copperopolis, CA 
PCS f5137 TDD 4098604-20 

Photographer: Gary Floyd Date: 05/01/86 

EPA osc Dan Shane informed students at Copperopolis Elementary 
School of the health effects associated with asbestos inhalation 
and what the EPA was doing about the situation in Copperopolis. 

Soil sampling on the Copperopolis Elementary School grounds. 

OOCC80 
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copper Cove Village Asbestos Site, Copperopolis, CA 
PCS #5137 TOO 1098604-20 

Photographer: Gary Floyd Date: 05/01/86 

. -

Road preparation first involved grading and leveling the surface. 

The freshly gr4ded surface was then comp4cted using rollers. 
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--
Copper Cove Villaqe Asbestos Site, Copperopolis, CA 

PCS 15137 TDD 1098604-20 
Photographer: Gary Floyd Date: 05/01/86 

A site map board was used at the Mobile command Post (MCP) 
to track work progress. 
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• 
Copper Cove Village Asbestos Site, Copperopolis, CA 

PCS f5137 TOO 1098604-20 
Pho~ographer: Gary Floyd Date: 05/01/86 

sampling 

• 

I 
I 

Upwind (control) air sampling station. 
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Copper cove Village Asbestos Site, Copperopolis, CA 
PCS 15137 TOO 1098604-20 

Photographer: Gary Floyd Date: 05/01/ 86 

A weather 
station was 
used to measure 
wind speed, 
wind direction, 
and temperature. 

I 
I 
I 
! 

Strict chain of 
custody logging 
was followed for 
all samples . 

• 

i , .. . . 
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Copper Cove Village Asbestos Site, Copperopolis, CA 
PCS f5137 TDD f098604-20 

Photographer: Gary Floyd Date: 05/0l/86 

Oil being transferred to spray truck for road application. 

Recently oiled road prior to the application 
of blottinq material. 
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• 
Copper Cove Village Asbestos Site, Copperopolis, CA 

PCS 15137 TDD 1098604-20 
Photographer: Gary Floyd Date: 05/01/86 

Oil being transferred to spray truck for road application. 

. ·. 

···~ 

Recently oiled road prior to the application 
of b19tting material. 
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Copper Cove Village Asbestos Site, Copperopolis, CA 
Pes 15137 TDD 1098604-20 

Photographer: Gary Floyd Date: 05/01/86 

Both personnel and vehicles were decontaminated at the 
close of work each day. . . 

~---

L_ _____ _ _ _ __ __ _ =-----=-=-=-~-=--=-=-=-=-=-=-=-=---=-=- - - - - - - - -
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APPENDIX II 

Analytical Techniques For Asbestos 

l 
I 
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: .; As::s-cs ME~SJRE~~~: r~=~~:ou:s 
2. 3. 1 A i ~ Samol e Ana lvses 

• 
Ai r~o ~ne par~ i c l es are in i ~i a ~ ly col l ec~ed on the surf ace of a 

smal l -pore size filter througn wh i ch a known vo l ume of air is drawn. 

Asoestos f iber concent~ations are then est imat ed by e i ther phase contrast 

mi c~oscopy (a special aoo l ication of tne o~~ical mic~oscope) or by electron 

mi :~oscopy (E~) . In general, asoes:os 1ibe~ conce~t~atio~ data obtained 
by one of these two methods canno~ be conve~te: to a concentrati on 

aetermi ned by the other methoo. In pnase contrast microscopy, a sec~ion 
of a mem~rane filter is viewe~ at 400 magnification, and all particles 

wnic~ have at least a 3:1 length-to-width ratio and a length of 5 ~m or 
;reate~ are counted as asbestos fibers. Fibers smal ler than 0. 1 ~m in 

diame~er are not visible by phase contrast microscopy. Consequently, 
identi ficati on of smaller size fibers which may be of biological signifi

cance is precluded. Fibe~ counting by phase contrast aicroscopy is based 
enti rely on particle shape and is not specific for asbestos. This aethod 

is tne standard method for measuring asbestos in the workplace. In cases 

where all fibers are smalle~ than 5 ~m in length or thinner than 0.1 ~m 
in diameter, no dete~able f i ber count will result. 

By comparison, electron microscopy permits positive identification 

of asbestos fibers that are not observable by phase contrast microscopy. 

Chrysotile fibers are relatively easy to distinguish from other types of 

fibers because of the i r uniQue tuoular struc~ure . Selected area elect~on 

diffraction (SAED) and energy dispersive X-ray diffraction (EDX) are 
often u~ed to substantiate fiber identification. In EM analysis, only a 
very small fraction of the filter is viewed at a magnification of 15,000 
to 20,000 X. 

When determining asbestos concentrations in airborne particulate 

samples by either phas~ contrast microscopy or EM. visible fiber counts 

are used to estimate the total fiber count for the whole filter . The 
ac:~racy of the calculated fiber concentration ;s primarily dependent 

uoon the representativeness of the fiber population actually counted. 
The •ethod of sample preparation and fiber counting s~rongly influence 

the results obtained by E~ . EPA developed a provisional methodology in 

2-5 
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~ .... -- __ ... 
1 ~ : ... . . a ... oo:im~zec va~ious tecnniques ~or analyzing anc counting a·~~or~e 
as:;es:.os fioe'"s ::_y EM . Testing of the provisional me:hodology showe:: ir.te:-
ia::c .. atory varia:~cn in fiber concentration results to be aoout20 per,gnt 

for sam~les collected in an industrial setting and sam~les prepared in the 
1aocratory. 5 6 

2.~ . ~ Swlk (~ock1 Sam~le Analysis 

Petl"'ograonic micl"'oscopy is the principal me'thod for examining bu't-: 

sam~les (such as a rock sample). This technique is relatively st~ai~nt
fcrward anc reliable for qualitative iaentification and characterizat:on c7 
crystalline substances, including asbestos. 

Quantitative analysis of asbestos in a bulk sample is aeterminec by E~. 
A small representative portion of rock powder is ground from a bulk samoie 
and is uniformly dispersed onto a filter media. A small fraction of the 

filter is then viewed at high magnification, and asbestos mass and fiber 

concentrations are estimated. Careful consideration must be given to sample 

preparation, especially during the grinding phase. Chrysotile is usually 

present in microveins that tend to disintegrate into small chunks. Thes~ 
chunks must be given sufficient grinding time to divide into free fibers. 

A methodology for analysis of asbestos in rock samples was published by E?A 
in December 1976. 7 The methodology is summarized in Appendix B. 
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( FO«~~LA : v•rious FIBER~ --------- -----------
~~ IH:: 74=.: 

tl ._..: various lSSiJ:.t• . 2/l~/, 

---------·---
O:Orl:.: 0.5 asbestos f 1~: -: ·- • o~:;;: tr. p;,J :·;.r: : l L: s: · 1 
NIOSH: 0 . 1 asbestos f/rr,, [ l); 3 glas<> fibe rs (>10 lim x <3.5 llm)/ml {2) fibrous 
ACGlH: 0.2 crocidol ite; 0.5 anositc; 2 chrysoli le and other .a~stos, f/ml 

----------------- . . 
SYNONYMS: asbestos (actinolit~ (CAS 113768-00-8]. gruncrilc (amosilc) [CAS 112172-73-S), 

anthophyll i te [CAS •170&9-78-9), chrysotil~ (CAS 112001~29-S), crocidolil~ 
(CAS 112001-29-4), treno1•te (CAS • 14~6 7 -73-8] ) ; fibrous glass . 

SA." :>· H.: 

SAAPU.R: F ll TE.R 
(0 .8 - 1.2 ~cellulose ester 
merrbrane, 25..nrn di~ter) 

fl~ RA1l*: ~ 0.5 Llmin 

VOL-Ml~~ : 400 L ~ 0. 1 fibcr/ml 
~: 1920 l f 0. 1 f iber/ml 

*Adjust for \00 to \300 f ibers/mm~ (step 4) 

Stllf'l'lf.Nl : rout inc 

SAMPLE STABlLllY: indefinite 

BLANKS: 10\ of samples (minimum 2) [3) 

ACCURACY 

RANGE SlUOilD: 80 to 100 fibers counted 

81AS: see EVALUATION Of MEHDD 

OVERALl PREClSlON (sr) : 0 . liS to 0. 13 [3) 
(A Rule$) 

!lECINlQUE.: MICROSCOPY, A~E. CXlNlAAST 

!ANALYTE: fibers (manual count) . 
!SAAPLE PRE.PARAllON: acetone/~iacetin ~nethod 
! 

!COUNTING RULES : Set A (P~ 239 [3,4J) or Scl £ 
(nodi ried CRS (5)) . 

!EQUIP"LNl: 1. phase-contrast microsc~ 
2. walton-Beckell graticulc (100 ~ 

field diameter) : A Rule~ use 
C-22; 8 Rules use Type G-24 

3. phase-shift test slide (HSE/NPL) 

!CAll8RA1lOH: pha$e-shift detection limit about 
3 degrees [ 7 J 

H~GE : 100 to 1300 fiberstmn:t fi 1 ter area [6) 

!ESTIMAllD LOD: 7 fibers/mm:t filter area 

!PREtlSlON: 0 . \0 to 0.12 [3) 
(A Rules) 

APPlltABlllTY: The working range is 0 .02 fiber/mt (1920-L air s~le) to 1.25 fiberslml (400-L 
air sanple) . The method gives an index of airborne a~stos fibers butm&y ~used 
fof other materials such as fibrous glass by inserting suitable parameters inlo the counting 
rules. The method does not di Herent iate between a~stos and other fibers. Asbestos fibers 
less than ca. 0 .25 ~m diameter will not be detected by this method [7) . 
lNlE.RFERENCES: Any other airborne fiber may interfere since all particles aaeeting the counting 
criteria are counted . Chain-like particles may appear fibrous. High levels of non-fibrous dust 
particles may obscure fibers in the field of view and raise the detection limit . 
OTHER METHODS: This method introduces changes for improved sensitivity and reproducibility and 
replaces P&CAtl 239 [3,4) . 
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RE.A:;~I;Ts: 

l . Acetone .'* 
L . Triaceti~ (glycerol tr\acetal~). 

rcz~:~.: ~rz:: :. 

Pl::rn:-: : ' 
... ... 

EQUIPI'IENl : 
1. S4mPler: field monitor, 25 mm, three-piece cassett~ 

with so~ extension co-i witn cellulose ester filte·, 
O.B to 1.2-~ pore s ize anc backup pad . 
~:>TE : An.?lyh· r£:-resc.~.:ti~~ filters for fibe:
bacKgrounc ~~fo:-r US{ z~: c i s~ard the filter lo~ if 
mre than 5 fibersllOO fieios are fou~ . 

2. Person.tl unpling puTp, ! 0.5 l/min (~step 4 for 
flow rate), with flexible connecting tubing . 

3. Microscope, phase contrast, with green or blue filter, 
8 to lOX eyepiece, and 40 to 45X phase objective (to;al 
magnification ca. 400X); numerical aperture~ 0.65 to 
0. 75. 

4. Slides, glass, single-frosteo, pre-cleaned, 25 x 7~ mrr .. 
S. Cover sl ips, 25 x 2~ mm, no. 1-1/2, unless otherwise 

specified by microscope ~nufacturer. 
6. Knife, •10 surgiul steel, curved blade . 
7. Tweezers . 
8 . Flaslc, t.uth-type, insulated neclc, 2SO to SOO llll ()lith 

single-holed rubber stopper and el~-jointed glass 
tubing, 16 to 22 an long). ' 

9. Hotplate, spark-free, stirring type; heating ~tle; or 
infrared lamp and magnetic stirrer. 

10. Syr-inge, hypodennic, with 22-gauge needle. 
11. Graticule, walton-Beckett type with 100 ~diameter 

circular field at the specimen plane (area • 0.00785 
mm2 ) (Type G-22 for A Rules; Type C-24 for 8 Rules). 
Available fran GraHcules ltd., ttorley Road, T~ridge 
TN9 lRH, Kent, England (Telephone Oll-C4-732-359061). 
NOTE: The graticule is cus~de for each •icrosccpe. 

Sptcify disc diameter needed to fit exactly the 
ocular of the •1croscope and the dhneter (IIIII) of 
the circular counting area (see step 11). 

12. HSE/N~L phase contrast test slide. ~rk II. Available 
fn:rn PTR Optics Ltd., 145 Newton Street, waltham, M 
02154 (Telephone (617) 891-6000). 

13. Telescope, ocular phase-ring centering. 
14. Stage •icrometer (0.01 ~divisions) . 

SPECIAl PRECAIJTIOHS : Acetone is an extrerrely flanmable Uquid and preautions 11.1st be taken 
not to ignite it. Heating of acetone a~st be done in • ventilated laboratory ftn~e hood using a 
flameless. spark-free heat source • .. 

•SAIIPliNG: 
\. Calibrate each personal s~Hng p~~q> with a representative ~ler in line [3). 
2. Fasten the SA~TPler to the worker's laptl U close as possible to the worker'S IIIOUth. 

Rem:lve the top cover frcrn the end of the cowl e:~~tension (open face) and orient face down. 
wrap the joint between the extender and monitor body with shrink ~ to prevent air leaks. 

2/lS/84 l~2 
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3. Su~1 t a t least two f ield bl anks (or 10\ of t he tota• s~-L · •t~ . whichever i s greater ) fo' 
' eacn se t of s~~~e~ . ~emo~e the caps from the fie ld b i4r .. c~sset tes ana store t~ caps ar.~ 

cassette:. in a c lea:. area (bag or box) during t ne sa-: i u.: r :- ~ •o~ . Re::>lace t he ca:>s 1r. tn ~ 
cassett e:> wnen s~-c.l ing is completed . 

( . S~"'C i~ c : C. . ~ l/rr.1n c~ greater [8). Do not exce~:: ' r • . c_:~ lOc?:ln! O'• tt.: n lt~ - . 
A:lj ~.: s:. s~~hn; flo,; rate , Q (llmi n}, and tirre tor-~ . .. , ; : - c ::-:~~;!· . E 
(fibers/ mm1 ) , of 100 to 1300 fibers/ mm1 [3.85 • 10• t c 5 • lC~ fibers per 
25~ filter with effective collection area (Ace 385 mm~)) for optimum counting 
preci sion (see step 2l) . calculate the mininun ~ling time, lmin (min) . at the action 
level (one-half the current standard}. l (fibers/ml). of the fibrous aerosol being sampled: 

~inc - (Ac)(E) • 

(Q) (l)lO' 
S. Remove the f ield moni tor at the end of sampling, replace the plast ic top cover and smal 1 

end caps , and store the moni tor . 
6. Ship the samples in a rigid container with sufficient packing material to prevent jostling 

or damage . 
NOTE: Do not use polystyrene foam in the shipping container because of e lectrostatic forces 

which may cause f iber loss from the satrpler filter . 

SAM?LE PREPARATiaf : 
NOTE: The obj ect is to produce SMrples with a snooth (non-grainy) background in a 11edi~n~ with a 

refractive index equal to or less than 1.~6. The 111ethod bel ow collapses the filter for 
easier focus i ng and produces pen11.1~t munts which are useful for quality control and 
inter l aboratory carparison. Other .t.:x.Jnting techniques ~~~eeting the above criteria may 
also be used (e .g., the non..pennaneolt field nounti ng technique used in P&c.M 239 [1 .3.~)). 

7. Ensure that the glass slides and cove:r slips are free of dust ao.d oit~er~ . 

8 . Place ~ to 60 ml of acetone into a Guth- type flask.' Stopper tho.. lask with a single-hole 
rubber stopper through which a glass tube extends 5 to 8 an into \ ole flaslc. The portion of 
the glass tube wh ich exit -: the top of the stopper (8 to 10 an) is bent downward in an elbOW 
whi ch makes an angle of 20 to 30• with the horizontal . 

9. Place the flask on a stirring hotplate or wrap in a heating mantle. Heat the ~~etone 
gradually to its boili"g t~rature (ca . 58 •.c>~ · 
CAUTlON : The acetone vapor must be generated . in a ventilated fume hood away from all open 

flMnes and spark sources. AlterMte heating methods can be used, providing no 
open flame or sparks are present . 

10. ttount either the whole ~le filter or a wedge cut fran the ~le filter on a clean glass 
slide . 

• 

a. Cut ..edges of ca. 25\ of the filter area with a curved blade steel surgical knife usi ns 
a rtcting motion to prevent tearing. 

t . !i'lace the filter or wedge . dust side up. on the slide. Static electricity will us~lly 
keep the filter on the slide until it is cleared. 

~ c. Hold the glass slide supporting the filter approllimately 1 to 2 Gl frtllll the glass title 
port where the acetone vapor is escaping fran the heated flask. The acetone vapor 
straa:n should cause a condensation spot on the glass slide ca . 2 to 3 an in di~ter • 
ttove the glass slide gently in the vapor stream. The filter should clear in 2 to 5 
sec. If the filter curls, distorts or is otherwise rendered unusable. the vapor stream 
is probably not strong enough. Periodicall~ wipe the outlet port with tissue to prevent 
liquid acetone dripping onto the filter. 
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d. Usin; the hypodermic syringe with a 22-gauge needle, place 1 to 2 drops of triacet in o~ ~ 
tM filter. Gently lower a clean 25-mro square cover slip o._.,.;:-~ onto the filter at a 
shpht anple to reoucE' tne oossibility of forming bubble~ . If too many bubbles form o-
tn~ a:-:l:::.:~ t c -'" trJ.;;cc: i r. is in::;.;ff i cie~.~. tne co\'e:- slip r..!y oe:o--: D:!tached within a fe. 

e. Clue the edges of the cover slip to the glass slide using a lacquer or Mil polish [9) . 
NOTE: If clearing is slow, the slide preparation ~Y be heated on a hotplate (surface 

temperature SO •c) for 15 min to hasten clearing. Counting may proceed 
immedi&tely after clearing and mounting lre completed. 

CALIBRATION AN:> QJALITY CONTROL: 
11. Calibration of the walton-8ecketl graticule . fhe di~~te:-, de (mm) , of the circular 

counting area and the disc diameter must be specified when ordering the graticule. 
a. Insert any available graticule into the eyepiece and focus so that the graticule lines 

are sharp and clear . 
b. Set the appropriate interpupillary distance and, if applicable. reset the binocul&r head 

adjustment so that the magnification remains constant. 
c . Install the 40 to 4SX phase objective . 
d . Place a stage micraneter on the mkrosc:ope object stage and focus the aicrosc:ope en the 

graduated 1 ines . ,. 
e. ~asure the magnified grid length, L0 (~), using the stage micrameter. 
f. Remove the graticule from the microscope and measure its actual grid length, La (mm). 

This can best be accomplished by using a stage fitted with verniers. 
g. calculate the circle diameter, de ~) . for the walton-Becketl graticule: 

La de .. C: x D. 
0 

Exa.:rple : If L0 • 108 lJIII. La • 2.93 mm and D "' 100 )1111, then de • 2. 71 nm. 
h. Check the field di~ter, D(acceptable range 100 lJIII t. 2 )1111) with a stage micranet.er 

upon receipt of the graticule f~ the manufacturer. Detenmine field area (mm2) . 
12. "icroscope adjustments . Follow the manufacturer's instructions •nd also the following : 

a . Adjust the light source for even illumination across the field of view at the condenser 
iris. 
NOTE: Kohler illumination is preferred, where available. 

b. Focus on the particulate material to be u.wnined. 
c. Make sure that the field iris is in focus. centered on the san"Ple and open only enough 

to fully illuminate the field of view. 
d. Use the telescope ocular supplied by the manufacturer to ensure that the phase rings 

(annular diaphragm and phase-shifting elements) are concentrit. 
13. Check the phase-shift detection limit of the microscope periodiellly. 

a. R810ve the HSE/NPL phase-contrast test slide fran its shipping container and center it 
under the phase objective. 

b. Bring the blocks of grooved lines into focus . 
NOTE: The slide consists of seven sets of grooves (ca. 20 grooves to each block) in 

descending order of visibility fram sets 1 to 7. · The requirements for asbestos 
counting are that the microscope optics 111.1st resolve the grooved lines in set 3 
ca~pletely, although they may appear sanNhat faint. and that the grooved lines in. 
sets 6 and 7 must be invisible . Sets C and S 111.1st be at \east partially visible 
but may vary slightly in visibility between microscopes. A microscope which fails • to meet these requirements has either too \ow or too high a resolution to be used 
for asbestos counting . 
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c . If the image quality deteriorate~. clean the micros~ope optics and if the prOblerr 
persists, consult the microscope manuiacturer . 

1~. '~al1ty control of fib~r co~nt~ 
c . Pre:>are ana co:.Jnt field bla'lks aion~ with the field sarrple~ . F<eport lt•E- co.Jnts on eac~ 

t: . .:-.: . C.:lculat£ til!' ra: c. -. of tn;. f1e~:: Dlanlc counts and su~tra:~ tflis va 1u~ fran ea::r. 
t~· ~ ic cour.~ bctor~: re;:>O·tin~ t~·~ n:~-i~ :.. 

N~TE 1: the identity of the blank filters s~ould be unknown to the counter until all 
counts have been completed. 

NOTE 2: If a field blank yields fiber counts greater than 1 fibers/100 fields, report 
possible contamination of the sample~. 

b. Perfonm blind recounts by the same counter on 10\ of filters counted (slides relabeled 
by a person other than the counter). · 

15. use the following te~t to detenmine whether a pair of counts on the same filter should be 
rejected because of possible bias. This statistic estimates the counting repeatability at 
the 95\ confid~nce level . _Discard the SL"Ple if the difference between the two counts 
exceeds 2.77 (F)sr, where F ~average of the two fiber counts and sr t relative 
standard deviation, which should be derived by each laboratory based on historical in-house 
dab. -
NOTE: If a pair of counts is rejected as a result of this test. recount the remaining 

sarrples in the set and test the new counts against the first counts. Discard all 
rejected paired counts. , 

16. Enroll each new counter in a training course which compares perfonmance of counters on a 
variety of samples using this procedure. . 
NOTE: To ensure good reproducibility, all laboratories engaged in asbestos counting should 

participate in an asbestos proficiency testing program such as the NIOSH Proficiency 
Analytical Testing (PAT) Program and routinely participate with other asbestos fiber 
counting laboratories in the exchange of field sarrples to comp~re perfonnance of 
counters. 

MEASURE~NT: 

17. Place the slide on the mechanical stage of the calibrated microscope with the center of the 
filter under the objective lens. Focus the microscope on the plane of the filter . 

18. Regularly check phase-ring alignment and Kohler illumination (7}. 
19. Select one of the '~!lowing sets of counting rules: 

NOTE: The two sets of rules have been demonstrated to produce equivalent mean counts on a 
variety of asbestos sample types [S) and must be strictly followed in order to obtain 
valid results. No hybridizing of the two sets of rules is penmitted. The 
calibration of the microscope with the HSE/NPL test slide detennines the miniaun 
detectable fiber diameter (ca. 0 .25 pm). 

• 

a. A Rules (same as P&CAK 239 rules [1.3,4]). 
NOTE: The A Rules are required for monitoring asbestos for compliance purposes under 

OSHA or NIOSH standards. 
1. Count only fibers longer than 5 \lftl. Measure the length of curved fibers along the 

curve. 
2. Count only fibers with a length-to-width ratio equal to or greater than 3:1. 
3. For fibers which cross the boundary of the graticule field. do the following: 

a. Count any fiber longer than 5 ~m which lies entirely within the graticule area . 
b. Count as 1/2 fiber any fiber with only one end lying within the graticule area. 
c. Do not count any fiber which crosses the graticule boundary more than once. 
d. Reject and do not count all other fibers . 
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( . COunt bundles of fi~rs as one fiber unless indi~idual fibers can be io~n~i f iea ~J 

observins both eno~ of a f ibc~ . 

5. Count enough grattculc f ielos to yield 100 fibers . Count a mini~. of 2~ fte lc-. 
Stop at 100 fielos regardless of f1ber count . 

~. E r-...~ie-:. 

1. : : ~: TM B Rules are pref£ :-re: analytically because of their der.'on:o:. :-c.tc: ._. ;;i ~ : t : 
inprove the re~roducibi lity of fiber counts [5] . 

1. Count only ends of fibers . · Each fiber IILISt be longer than S ..,a and less than 
3 lllll diameter . 

2. Count only ends of fibers with a length-to~idth ratio equal to or greater than S: l . 
3. Count each fiber end which falls within the graticule area as one end, provided that 

the fiber meets rules b.l and b.2. • 
' · COunt visibly free ends which meet rule~ b.l and b.2 when the fiber appears to b~ 

attached to another particle , regardless of the size of the other particl~ . 
S. COunt the free ends of fibers emanating from large clumps and bundles up to a ma~imur 

. of 10 ends (S fibers) , provided that each segment meets rules b.l and b.2 . 
6. Count enough graticule fields to yield 200 ends. Count a minimum of 20 fields . Stop 

'at 100 fields , regardless of the fiber count. • 
l . Divide the total end count by 2 to yield fiber count . 

NOTE: Split fibers will nonnally be counted as lll)re than tNO ends if the free e~ds 
meet the n~les b. 1. and b.2. ,. 

20. Start counting from one end of the filter and progress along a radial line to the other 
end, shift either up or down on the filter and continue in the reverse direction [10) . . 
Select fields randomly by looking away from the eyepiece briefly while advancing the 
mechanical suge. When an agglanerate covers ca . 116 or nore of the field of view, reject 
the field and select another. Do not report rejected fields in the rlll'l'ber of tot al fields ( 
counted. 
NOTE: When counting a field, continuously scan a range of focal planes by moving the fine 

focus knob to detect very fine fibers which have becane fi!Dedded in the fi1ter .. , The 
small-di.vneter fibers wi 11 be very faint but are an iii\)Ortant c~tribution to the 
toul count. 

CALCULATIONS: 
21 . calculate and report fiber density on the filter , E (fibers/mm~), by dividing the total 

fiber count, F, minus the mean field blank count, 8, by the number of fields, n, and the 
field area, At (0.00785 am~ for a properly calibrated walton-8etlcett graticule): 

E ., ~. flbers/nrn~. 
W1AfY 

22. calculate the concentration, C (fibers/ml), of fibers in the air volume sampled, V (l), 
using the effective collection area of the filter, Ac (385 mm2 for a 25~ filter): 

C • (E)(Ac) . 
V·102 

NOTE: Periodically check and adjust the value of Ac· if necessary. 

EVALUATION OF METHOD : 
This method is a revision of HIOSH Method P&CAA 239 [1,3,4). A Sllll!lilry of the revisions is as 
follows: 

2115184 
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J... Sa.""l) l in: 
The cl'lcl:'l!)e fra:. ~ 3i~. to a 25~ filter siz'? was incorporated to i~rove sens1t1v1ty ar.:
re:~ce projler~ asso:iateCI with non-unifonr. fiber loto1r.s reoo~ted on the 37~. filter: 
(lC]. Tn= cntng~ in flo~ rates allows for Z ~, fcll-st.ift sa~les to be taken, provic · r.; 
tr • .:~ tr.:? fil~e:- is not ove~loao=CI witt. n~-;-f1orou:; pa~lic ... l~tc:;. The collection eff1::1c~~! 
c: t k S!--r. ·,c- is n:~ afie::teo by cn.snse~ ir. flo.. rotc H. tl •c r.an;e 0.!1 to J6 L/m1n £,::, . 

8. Sa.~le Preparation Technique 
The acetone vapor-triacetin preparation technique has been incorporated in the method as a 
faster , mre pennanent nount ing technique than the dimethyl phtha lateldiethyl oxalate method 
of P&CAM 239 [1,3,4,11]. 

C. Pleasuranent 
1. Tne inclusion of the Walton-Beckett graticule in the method was made to standardite the 

fielo area Ojserved through the eyepiece {6,1 1). 
2. The introduction of the HSE/NPL test slide was made to standardize microscope optics for 

sensitivity to fiber diameter [7,11). 
3. A recent international collaborative study involved 16 labo~atories using prepared slides 

from the asbestos, cement, milling, mining, textile, and friction material industries 
[S) . The relative levels of count by differer.t counting rules were: 

Sanple T:me 

Plining 
Plilling 
Asbestos Cement 
Textile Chrysotile 
Friction Platerial 
Others (Insulation, Amosite) 

Nll!'ber of 
_S!r!J>les 

10 
10 
14 
10 
10 
6 

Aspect Ratio> 3: 1 
~ lbi. CRS* 

100 
100 
100 
100 
100 
100 

127 
112 
146 
109 
130 
127 

TOTAL: 60 PIEAH: lQQ m 

Aspect Ratio> S: l 
~~~ , ttod. CRS* 

74 92 
84 95 
90 137 
89 99 
87 116 
92 118 

@~ !.!Q 

*Arithmetic means of counts made bx different laboratories relative to the AlA counts . 

The modified CRS (NIOSH B) Rules were found to be more precise than the AIA (NJOSH At* 
Rules. lhe ranges of relative standard deviations (sr> which varied with sample type 
and laboratory were: 

AlA (NIOSH A Rules)* 
Modified CRS (NIOSH 8 Rules) 

Intra laboratory 

0.12 to 0.40 
0.11 to 0.29 

Interlaboratory 

0 .27 to 0.85 
0.20 to 0.35 

Overall 

0.46 
0.25 

*Under AlA rules, only fibers having a diameter less than 3 ~ are counted and 
fibers attached to particles larger than 3 ~ are not counted. NIOSH A Rules 
are otherwise similar to the AlA rules. 

The 8 Rules have also been favorably received by analysts as less ambiguous and simpler 
to use; these rules also showed the least bias relative to AlA rules in the 
collaborative study . An independent NIOSH laboratory study using amosite fibers 
reported a relative standard deviation. including within- and between-sample 

2115184 1400-7 
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variability, of 0.157 for the B Rules [12 ) . Adding an estimated sampling pump error, sr, ( 
of 0.05 [13) to the within-s~~le variability in this stuoy results in an estimate of 
overall predsio:., Sr. of 0.102 fo~ the 8 Rules . 

~ - &e:a~se of past inaccura:1es associated with low fiber counts, t he minimum loading has 
bee· incrtas~~ ~~ lOJ f 1oers1~ filter area (80 f ibers tctol count). This level yields 
an o~e~all :r = ~- 13, as ir.:1cate~ in f igure 3 (revised) of P&CAM 239 [3,4) which 
corresponcs to a measurement sr ~ 0.12 after removal of pump ernor (13) . Similarly, at 
the ma,_ iiiUil count of 100 fibers. over a 11 sr .. 0. 115 and neasur81ent sr .. 0.10 are 
obtained. 

D. Evaluation of the method using the A and B counting rules will pno:eed on a continuing basis 
thnough the NIOSH Proficiency Analytical T~sting (PAT) Program. The new PAT reporting 1fonm 
allows for reporting of results by either set of rules as of January, 1984. 
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lDI::":lfiCATIO!~ J..::D QUA!~IFICATIO:\ Of AS£ESTIFOR!: 
l':I~I:JW..S 11\ Bl..1.!". INSL1.ATIO:; SA!-~LES b:· 
PO~;f.IZtD LI GP.: ~ICROSCOPY. 

SUMMARY OF METHOD 

Examination of bulk samples by polarized light microscopy enables the 
microscopist to identify the minerals present in the sample and estimate 
their percentages. The identification process i s based on the morphology 
and optical propert ies of the ~nerdls. The quantification is based on 
the area occupied by each of the mineral s. 

1. Apparatus 

1.1 A low power binocular microscope, preferably stereo
sc.opic, shall be used to examine the bulk insulation 
sample as received . 

1 .1.1 ~croscope : binocular, 1o-20x. 

1.1.2 Light Source: incandescent or fluorescent. 

1.1.3 Forceps, Dissecting Needles, and Probes 

1.1.4 Glassine Paper or Clean Glass Plate: 4" :x 4". 

1.2 Sample preparation apparatus requirements will depend 
upon the insulation sample type under consideration. 
Various physical and/or chemical means must be employed 
for an adequate sample assessment . 

1.2.1 Mortar and Pestle: agate or porcelain. 

1.2.2 Wiley Mill - High Speed Cutting Machine 

1 . 2. 3 Razor Blade 

1.3 Compound microscope requirements : A polarized light 
microscope complete vith polarizer, analyzer wave plate 
retardation port, graduated rotating stage, substage 
condenser, lamp, and lamp iris. 

1.3. 1 Polarized Light Microscope: described above. 

1.3.2 Objective Lenses : lOX and 45X or near equivalent . 

1.3.3 Objective Lens Dispersion Staining (optional) 

OOCC99 
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2. Reagents 

2.1 

( , 

1.3.4 Ocular Len~: liD: ttinimur.:. 

1.3 .5 E,·e':'iecE F.e~ic'l::!:: SGuared grid-indexeC., 5 't: .. 

scc:l: le::f:: .. 

1.3.6 Stage Microm~ter 

1.3.7 Michel Levv Interference Color Chart (optional) 

1 . 3.8 Microscope Slides 

1.3. 9 Coversli~s: ~o. 1.0-1.5, 18 ~diameter 

1.3.10 Interferometer (optional) 

1.3.11 Gypsum Wave Retardation Plate 

Sample Preparation 

2.1.1 10% BCl ACS reagent grade 

2.2 Analytical Reagents 

2.2.1 Refractive Index Oils: 1.500-1.750 in 0 . 002-step 
increments. 

2.2.2 Refractive Index Oils: high dispersion, 1.550, 
1.605, 1.630, 1,680, and 1.700 (optional) 

2.2.3 UICC Asbestos Reference Sample Set 

2.2.4 Asbestiform Tremolite 

2.2.4 Asbestiform Actinolite 

2.3 Permanent Slide Standards - a known amount of asbestos 
mixed with other consituents. 

3. Procedures 

3.1 Sampling: Samples for analysis of asbestos content 
shall be taken in the manner prescribed in the guidance 
document Asbestos-Containing Materials in School 
Buildings, EPA No. C00090, part 1. If there are any 
questions about the representative nature of the sample, 
another sample should be requested before proceeding with 
the analysis. 

0001CO 
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3.2.1 Gross Examinatio:;: h~lt~ sax::?les of insula tio:: 
materials taker. ic= t he ident i f i cation an~ 
quantification c : cS:>E::::"tcs are fl.rst ~;a::.inec 

for homogeneity , ::..::. th .. aid oi a lo"· mat"::i fi 
cati.on dissect ir:·· -::-::::. · ::o~E:: . 1nt- cor t: t::.-:;:·L 
i s carefully r e:- -· : . :-:-:· t~" s.:::;: lir.: c:.:-.... s: !: -:
onto a glassine trans icr paper or clean glass 
plate and note is made of the ~op and bottom 
orientation. The sample is examined under 1010 
power magnification for layering. When discrete 
strata are identified, each is ·treated as a 
separate material so that fibers are identifiec 
and quantitated in that layer and then a s a 
portion of the whol e s~ple . Subs~ples of ea=h 
material type observed with low power magnifi 
cation from the several layers will be prepared 
separately for examination with polarized light 
microscopy. 

3.2. 2 Matrix Reduction: When subsamples of the material 
types viewed above are not readily obtainable by 
simple selection means, a matrix reduction step 
must be employed to access the material before 
further characterization. The selection of 
procedure is dependent upon the samples encountered 
and persona l preference. A clean mortar and pestle 
can be used effectively in size reduction of soft 
or loosely bound materials. Periodic checks of 
the particle sizes should be made during the grind
ing operation so as to preserve any fiber bundles 
present in an identifiable form. The Wiley Mill 
should be used to homogeniz e fibrous material, 
which is usually hard to grind by mortar Pnd pes tle . 

3.2.3 For positive identificati.on of asbestos, it is 
expected that results from the following six para
meters will be within the range of or consistan t with 
published values (See Flow- Chart). 

Morphology- size. shape. aspect ration, etc. 
(Table I) . 

Color and pleochroism (Table 1). 

Refractive indices (Table I). 

Birefringence (Table 1). 

Extinction characteristics (Table I). 

Sign of elongation (Table I) . 

Certain of the above parmeters may vary with the 
mineral source and the s~ple~sprevious history of 
treatment. such as acid contact or heating . Heat, 
for example , can change the color and refractive 

. -. 
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4, Range 

• 
inoe~: c; all thr. asi:>estifon: rz:inerah. l.rner: fiber!' 
o: !c:-zt~!'irr or other ther=~l aeca.7.position procuct~ 
c:f z::·~::to:: are icientifiec. this iz::t shoulc be nC'tec 
clc::-.·· :.:-. tn~ rE?t>!'t \:i::. c. re~uu: fc::- acCitic:-:.c.: 
s.:::- ; : ~ :~c; a:1~ti':e:- locc:::.::.. Cc::i'ir.:.::~io:-. fc:
positive identification should be performed routinely 
by dispersion staining (Table II). 

3.2.4. Quantitation of Asbestos Content: Asbestos quanti
tation may be performed in several different ways, 
again according to the s~le type under exarninatio:-:.. 
For h~o~eneous-appearir:g materials, portions of the 
whole sa_~le may be taken fror. the sample mass in ter. 
different places ~ith a fine forceps. Take pre
cautions to li~t stringing out of additional fibrrous 
material in this process. The collection so obtained 
is mixed and then spread over multiple slides. 

Determination of asbestos content as an areal enti~· 
will be done by systemic scanning of the slides and 
comparing them to the permanent slide standards. 

The range of the analysis is dependent on the amount of material exam
ined. Minimal specifications for reporting results are set at 1.0 per
cent for detection of asbestiform minerals by polarized light microscopy. 
Lesser quantities of asbestos in a mi~ed insulation material sample will 
be subject to wider variation in reported results because of sampling 
variation in an inhomogeneous matrix. 'Upper lilDits are unbounded . There 
is no measure of sensitivity presently available, 

5. Interferences 

Other fibro~- organic and inorganic constituents may pose a challenge to 
identification, separation, and quantitation of the asbestiform mineral 
content from nonasbestos materials. Spray-on binder materials may coat 
fibers to impart color and change other optically determined parameters 
to the extent of masking the fiber identity. Fine particles of other 
materials may also adhere to fibers to an extent sufficient to cause 
confusion in identification. 

6. Precision and Accuracy 

Adequate data for accuracy and precision measurements are not currently 
available. 

7. References 

-Optical Mineralogy, John F. Kerr, McGraw Bill, New York, N.Y. 

-The Particle Atlas, Edition 2, W. C. McCrone, Ann Arbor Science 
Publishers. 

Cf(1C2 



000103

,.- - F- .... ("W""..,.-.. ~ ~- '=' 

f . LO!'J .. "'~ ratCtrtt.. --
7. keferences (continued 

- :~ : 5pecial Publicatic::: 5~ -: • ._-orkshop on Asbestos: Defir:i~ion: anc 
!·.,..::!'ure::1;:::: ~:e:-thoc£. =:cit~::: t-:.· c. C.rZ\·at:, P.r:·. LaTlel!:-, .:.:::: l:.T .. :. 
i.~ :.-:::-:.c: .• 1~ :-~. 

- Se:-j,ected Silicate l-1inerals anc Tn:dr Asbestiform Varieties, Mineralogi
cal Definitions, and Identification Characteristics, USB~ Information 
Circular 8751, W. J. Campbell, R. L. Blake, L.L. Brown, E.E. Cather, 
and J.J. Sjoberg, 1977. 

-'Polari~ed Light Mieroseopy, ~.c. MeCrone, L.B. MeCrone, and J.G. Delly, 
Ann Arbor Science Press, 197E. 

-Asbestos-Containing Materials in School Buildings: A Guidance Document, 
EPA/OIS Ko. C00090, 1979. 

-Identification of Asbestos Fibers and Other Pibers and Minerals in Bulk 
Samples by Polarized Light ~croscopy: Training Procedure. Y. Yaffe, 
LFE Corp., Environmental Analysis Laboratories. 

-Tentative Method For The DeteT'IIlination of AsbestifoT'IIl Minerals In Bulk 
Insulation Samples By Polarized Light Microscopy. U.S. Environmental 
Protection Agency, Environmental Monitoring Systems Laboratory, Research 
Triangle Park, April 1980. 
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T/\RI.F. T. 

~-tJ:~':.tl_l Pror!_~t le_~f_~'!_'!_~c;-~c;_£_l_E!.!!!_i!_"d Other M_l_n__P!!~ I:'; 

Max. Tnrlicrs 
MiOC'Io1l F.xtinction 'l 1\ y Rl rf'rrinJv' nc:e Opticnl F. I nnr,.1 t inn 

Angle Sf~n S lr.n 

-.- - . - ·--

ActinoU te 10·-15° 1.614 1.630 1.6111 0.022-0.027 - Ashf'.c; t I ',''" 
l .nnr: rr I "'Mt-c· ry" t :II " :1nol 
rolumn:tr '" 
f I h rnll': . 

Amosite oo 1.695 1.700 0.025-0.027 + + Ashest1 f,., .. , ~tr:tfs~ht I ""'' 
fllwr•: 

Anthophyllite oo 1 . 598- 1.630- 1.623 0.016-0.025 + + Ashf.!st; II"'"' lnun rr I ·~1:11. 
1.652 1. 655 1.676 , . T\'" I ;,I •: .1n.f 

c:nlumn:tr I, 

rlhrnuo:; 

Chrysotile oo 1.493- 1. 504- t. 517- 0.011-0.014 + + AsbPc;tjfnrm Cros~-f ll•••r " •·ill 
1.546 1.550 l. 557 I,. t!: . 

Crocidoltte oo-30 1.680- 1. 683- 1. 685- 0.004' - - A!'lb<"stiform f.nns~ d••ll t: 1L 
1.69R 1.700 I • 70fJ (pleof'l~t·, i •) h ln•·-r 1 • · I'll I i ' •• 

Cummingtonite 15-20" 1.639- 1. 645- 1. 664- 0.027 + + "
1l\l:lll ,. 111 .)·e 

1.657 1.669 1.686 s\:1 r ··-: ,. r 
f'l I !:t, ·ll I 1 ' ,. 

Grunerite 10-15° 1.657- 1.684- 1.699- 0.042-0.054 - + AsbE>st(f<'rm l 1r.u.1ll\' frr I ' 
1.663 l. 69 7 l. 717 I ' I' lnmn II' .,. 

r.:1 ,.,, ~ 

t.izardf.te oo 1. 53R- l. 546- 0.015 - + F In" ••. t:t I "• .. , 
1. 51t6 I • 5fl0 -..... 

0 
0 ... 

01 

0 'I 
I 

~ 
0 

. , 

~ 



000105

T ,\l'.J.E T • 

_2p_t_i_t'_!1.l_r_r_::r.<". r .!.! :.. -;_~ [ __ ~\·';__ h_•.::;_!_o.:'!.....!:.l _I!_P !5.....:1!'.'.1_Q~ he> r ~~ f_n_e.r~, .1·; 

Htneral 
Na:<. 

E:<tinction 
At1gl P. 

Ct 

------------ ---· ·- -·-·--
Talc 

Tremo1ite 

Antigorite 

MICA 

Biotite 

Muscovite 

Vermiculite 

0 
0 
(."") 

~ 
CJl 

0-3" 

10-20" 

o• 

1. 53R
l. 545 

1.600-
1.628 

1.555-
1.564 

1.541-
1.579 

1.556-
1.570 

1. 525-
l.'ifll 

tmlicl"~ 

e 'Y nin! frln~rnr:r Optic:tl 
S i1;n 

f. I C'l l11''. ·1 t i I'll 

S I ·:n 

··---.. ·- ---- .. -- ----------------·--- .. -· -·------
1.575- L.575-
1. 590 1. 590 

1.613- 1.625-
1.644 l.f!55 

1. 562- 1. 562-
1.573 1.573 

1.574- 1.579-
1.638 1.63R 

1. 587- 1. 593-
l.M7 l.flll 

1. 542-
l. '5Rl 

0.010-0.05 + 

0,022-0.027 + A~;bestf r""" 

O,OOR - + 

0.04ri-0.060 -

0.037-0.041 -

0.020-0 . 031 -

I 

'·-

C:n:1r~" tn 
flnr pl:ltv nr 
flhrnuc: ;tl' l~ r •"'-" t 

l.~tnl~ prl ··-·"t I•· 
('I' J II!Ti fl:'l' to 
r I ., tCH p; , ,. ,, r I , • • , • ' 

Anherlrnl r.ry~r: .11 

or :tp,r,reog:ttes '" 
fi h ro- lam, lin r 
~trtwturr 

F.llh('ctrn t s fx-•d d 
rrv-:t:ll" tfr,..,~ .r ~ 

w :n:dlv '"'-"I ' ' 

1 ' · I n t :• I·" I " r 
,. , ',":t:•l·· "' . . • 1 

,.., t•t" rt·t~ .... t . -

Thin tc>hui:H 
crr~tnlc:. Tr:"IO ' 

r·"' ""' tr' C' f' ' '~P I 

r:"Jnrl•"'" r:n '· 
I' J,.nr·hr" , ..... 

e 

e 
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HinPr-'11 
M~x . 

Extinc t fun 
An~ l c 

CALCITE GROUP 

1. Calcite 

2. Dolomite 

3. Magnesite 

QuArtz 

0 
0 
0 

~ 
en 

,.., 

T/11\l.r. 1. 

2J'_t;_f_r_:ll _r_r!'.P..c:'~l.~::. !'l.r ~·~':_h!:_.•.a ~ £.1.~·~r.!!_A_n~_th_~r ...!!~n•·-~_:,_ 1 ·: 

Tncll r rc; 
r. 

1.486 

1.500-
1.526 

1. 509-
1.527 

1.553 

,,, 

1.658 

1.680-
1.716 

1. 700-
1.726 

1. 544 

IH rr f ri nr,rm :t' 

0.172 

O.lRO 

0.191- 0.199 

0.009: 

Clpt { Clll 

s ' '~" 

+ 

l~ l ••nr:t l l••n 
~; I ,~n 

----··- ----

Flnr t o t::,., r ···· e 
ap,r,rr~:1 t"c;. 
Rhomhohrd rnl 
clrnvnp,,... 

Ffne to C:"n r·: r• 
P,r:~ lnrrl ~ 

"U hrrlr:~ t r. r ·r:r.:• I 
n f rh""'"""•l r .11 

F'l" " t.o r., . ., r ·:,... 
:1 r1~ r ~""r.:t' •·~~ 

<:J.,, rJl l •: ., •· .. , ' 
f r :l)~\0"11 1 •; • I ' 

11 f tt•n ~,,,.~ 

r t'lnr·hn I rh I 
tn r r . 'r·e 
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MinE'rnl 

Gypsum 

Orthoclase 

0 
0 
0 
~ 
(~ 
"\} 

!·:n~. 

Eztinct ion 
An~lP. 

Ti\1\I.E t. 

!'!J>Jl..r~1_ r_rro.£!!!._~ .! .':~.~ L.!'.~~·_r.._t~-~i._hPr<;~~~_Qt.!.!_rr N l~t!_r.:~ I,<;_ 

ct 

Tnclt CI!S 

B y Rlrr.rrinr,rnc:e Opt fcnl 
Si~n 

F. I onr,:ll i "" 
St 1•.n 

----- -----.-- .. ·----·-_,., __ --------------
1. 520 1. 522 t. ')2C} 0.009 + I In" I 11 • ":1 r . 

,., .. ,I II''''. ~ .. ~, -
t 1~•''!'1 (fl.., ., . .. 
~~' rtH·tt~• •' 

-
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Identtfic:Jtion of Asht>stos Fibers and Othrr t-ltnt-rAl!-1 by Dtspt>rs lnn Sr:llnlnr. 

-----------....,r----- ..... _ .. _ -··-.. · ----·····--·----- ·---------· 
Tyre of Hint-r:tl 

2'io 
Cnr~ille ttqufcl n

0 
for Hountlnr. 

Arpe;~r,.nce (r.olors ""''") 

Cent r ;tl St~p-.. - ---··;;·,'j';;jGf=-Si:Ci"ji-·---.... ·-- ·r:;:iiLr":"d ~~ op 
Fllwr Orlf'ntntion 
F.H NS F.'orl NS 

With rol,.rT7.t>r- ~:-------~~~,; 

--------l~----------~ . -----
Actinollte 

Amosite 

Anthophyllite 

Chrysotile 

Crocidolite 

Tremolftf' 

Wollastonite 

0 
0 
0 
~ 
C> 
(}.') 

1. 670 

1. 700 

1.606 

1.670 

1.560 

1. 700 

1.670 

1.606 

1.670 

1.670 

t. (t0(1 

Green-blue ' Yellow- I Pnle Yellow 
Pink-hlue orange 
Cr~rn-blue TurquoiRt Yellow- · 

orange 

t urquoise hrown- hardly Reen 
mainly red 
yellow- yellow p,reen-blue 
green grePn 
.. 
turqunlse dark blu~ orange-red 

I b lue:..green I hl ue-: i yellow 
green 

brown- I brown- I notu._l 
yellow )'C't.low hllll' 

t'urquofsf' ' ' y~llnw 1 goldt>n 
yl! t low i orange 

yellow J 11~ht yellow 
~rl:'en turquoisq maRenta 

green 

yP.llow- grE'f'n - yellow · 
grePn ye I J ow mnp,cnta 

or:m~.,- yE'tl ow- dark hlllf' 
hrnwn ornnw· 

' 
• • • ••• • • • 0 • • 

Dark hlur ~ hrown-yt>llow 

pole turquoise 
yetlnw 

hardly I p•l• or•••• 
seen yellow 

""" p,t>n tn p, rf't>n blue 

;-ellow- J tu rquoise 
o r:rnr. ,. 
dnrk h lur i t••rq11o lsr 

n11 tu rnl 1 hrown ye 11 ow 
blue I 

.ia rk h lnr ! YE' 11 ow orangr 

f yellow- pAl" yellow-
~reen ; R rPt>n 

Yf!' llow- I turrtuni~P-
miJRPO t.1 hJHP 

dnrk hi liP I \'t•llnw or;~nr.•• 

jo;; j~:r--·

(,,iiiiil"';''i'' ..... - . 

cl.1rk h1u,. nr 

Y" 1 1 o,.. 
Y'' 11 """-or:1n~ · · 

hrerrlly c:""" 

p:d "· y ,., I II'.J 

n 1':'1111'1' 

,. " 1 1 o•, 1•1"" 

n:ttur •I ' ' '"" 

rlnrk hl11<> 
pn I " ,.,. I I nw 
\ ' I' 1 I f\1' _,., II" ,., 

r.r""" 

,.,.JJ w.·-hrr•" '' 

d :t ,.,, , . ,, ... 

e 

e 
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Optir.:tl Ch.u-nctr.rl~t{c!'; f'f T'l:tnt nnct M;m-M.1de FihPrs (The Pnrtt.cl (' Atl.1!'1, Vol. tt) 

!'11 ner.1 1 
~lax. 

El(tin c tloo 
An;;le 

Tnrll cl'c; 
Len~th - Cros!l-
wis~ wise 

--------- -------------- ---· - ------
Jute 

Modacrylic .. , 
Polyanide 
(Nylon) 

Polya.ster 
(Dacron) 

Sisal 

Viscose Rayon 

Nonconiferou!'l 
Wood (paper) 

Coniferous 
Wood (paper) 

0 
0 
0 
~ 
I~ 
(/) c 

o• 1. 577 1 .51~ 

o• 1. 535 1. 53.3 

o• 1 . 580 1.520 

Complete 1. 710 1.535 

None 1.49 ]. 65 

Complete 1.535- 1.515 
o· 1. 555 1. 53~ 

Undulose 1. 53 1. 58 
to perfect to 

incomplete 1. 51 to 1. 5R 
o• 

Rtr~frln~rnrP Elon~ntion Cotm1~n t .. 

---·-----------------------------------------
0.041 

0 . 002 + 

0 . 060 

0.175 

0.16 

0.02 

Low 1st order + 

Low 1st order + 

u 

tr~n!<lp~ rent, co 1 orl "~!'1, ll!'lllnll v 

Str:'lf~ht c-ylindf!r<l. Th f c·J: C't')) ~o• · ol I a 
mMtly in fib e r bun cllC'c:, • 

Tran!'lp~rPnt, colorJrss r.y lfndrr~ 
{ 

Tr3nsparPnt, colnrl Pss cylindt>r~. 
ThE'y m~y be dyed bv vnriPty of c-n l n r 

Trnnspnrent, colort~ss r.yttndPrs 

Tr:tnBr~rent, col orlr~c; tn yp))C't.~f~h 
t:1n c-ylinders. Till ··'· ,., , I tat! I-: 

Transpnrent' co lot 1 ,..... . "t r I, I .. ,, 

cyltndPrs 

Tr~n!'lr~rent, color! •":· . tn llr.ht ''•• 11 ·
Lnrr.r h:tRJ!tY celb, l rtrr.u l.1r fr:tr."'" 

Trnnsp:1rrnt, colort ,•:•· tn pn lr yrl l •": 
rf pJ"Pcl & torn fih,.r '1 , frrrr.•tlnr ft .. H ,. ... .,. 
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oEPA 

• Uruted Stete~ 
· Envoronmenta: PrOte=tt =:~n 

Age net· 

Reseerc:h and Developmen: 

Test fViethod 

rronmemal Mon"o""' SYS!em, 
Laboratort 
Reseerch Tr~anole Park NC 2771 1 

EPA-600/ M4-82 -020 Dec 1882 

Interim Method for the 
Determination of Asbestos in 
Bulk Insulation Samples* 

1. Polarized Light Microscopy 

1.1 Principle and Applicability 
Bulk samples of buildtng materials 

taken for asbestos identlf•catton are 
first examined for homogeneity and 
pteliminary fiber identifiCation at low 
magniftcation. Positive idantifteatron of 
auspect fibers is made by analrsis of 
aubsamplas with the polerized ltght 
mic:roscope. 

The P"inciples of ~tical mineralogy 
are well eatabhshad. ~ A light 
microscope equipped with two 
polart.r1ng filters is used to observe 
apecific: optical characteristics of a 
Nmpla. The use of plane polarized· 
light allows the determination of 
refractive indic:ws alon; specific 
crystallographic axes Morphology and 
color are also observed. A retardation 
plate is placed in the polarized light 
path for datarmination of the .lign of 
elongation uSing orthoscopic 
illumination. Orientation of the two 
fillers such that their vibration planes 
are perpendiculer (c:rossed polars) 
allows observation of the birefrtngence 
end extinction characteristics of 
anisotropic particles. 

Quentitative analysis involves t'
.,.. of point counting. Point counting is 
a standard technique in petrogrephy 
for determining the relative arees 
occupied by separate minerals in thin 
Nc:1ions of tCICk. Background 
information on the usa of point 
counting• and the interpretation of 
point count data1 is available. 

•AIIo~~t•hiii iNII\od ittltelulty*aflldfrtllllaw.il-
ebla -rca ""•""'""' Tt.•-t.o~~•Mill..,.. -·•he••- llldtN<el•• ia eulljea .. ,_ 

This method is applicable to all bulk 
.. mples of friable insulatton materllls 
aubmined for identiftcatron and 
quantitauon of asbeSJOs components. 
1.2 ... ,,. 

The point counting method may be 
used for anatyais of umples 
containing from 0 to 100 percent 
ubestos. The upper detect•on limit is 
100 percent. The tower detactton ltmit 
a. less than 1 percent. 

1 .3 lnterferencea 
Fibrous orgenic end inorgenic 

constitu•nta of bulk umples may 
Interfere with the identifacation and 
quantitation of the esbestos mine. al 
content. Spray-on binder materiels 
may coat fabers and affect cOior or 
obscure optical characteristtcs to the 
extent of masking fiber identity. Fine 

. pJ~nicles of other materiels mey elao 
edhere to fibers to en extent sutfteient 
to cause confusion in identiftcltion. 
Procedures thet may be used for the 
removal of interferences ere presented 
in Section 1.7.2.2. 
1 .4 Predaion and Accuracy 

Adequate deta fof m .. auring the 
accuracy and prac:ision of the IMthod 
for umplas with verious matrices are 
not cunently available. Data obtained 
for umpfas containing a aingle 
asbestos type in a aimpla metria life 
available in the EPA repon Bult. 
$ample Analysis for Asbestos Content: 
Evaluation of the Tantati11a Method. • 

1 .I Apparatu. 

r .1. r $amplt An-'YIII 
A low-power binocular microscope, 

preferably etereoscopic, ia used to 

00C110 
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. . •••m•n• tn. buill tNulet•on aemple eli Pneumoc:onioais Unrt Uendough teesad epe11. cow.r~ with e cover 
rece•ved Hosp1111. '•nanh. Glemorgan Cf6 t lesli. and obaerl~H wnh the poleru:ed 

• Mtcronope· binoculer. 1o-4SX 1XW. UK. and commarctal ltght"'ter~ 
(eppro••metel cl•stributors Alternatwely. atii""PU mey be mede 

• L.tght Source W.ndeacent Of • r,.mt)/lfe·e"'-no• (aource to be to homogenize the Hrnple Of ehmtnete 
fiUOfHtent cletermtnedl interferences before funher 

• Forceps. Dtuectmg Needles. and • Adlflolne-esbelto6 (aource to be cheret1er&Utton. The Hlectton of 
l'robes cletermtnedJ approprrete procedures rs depencfent 

• Gteume Peper or Cleen Gless 1 .7 Procedure a upon the aemplea encountered and 
I' lett Note· EllfJ06ure to e irborne esbestos personal p reference. The followrng are 

Compound microscope liber1 i1 e tt.elrh hezerd Bult. •emple• pruem~ N poMible aample 
requrrementl. A poleru:ed fight •ubmitted lor ene/rli6 ere u6uelly preparation atepa. 
~oacope complete with po'-rizer. lrteble end mer re/ee1e fiber• during A rnorur and pettle c.n aometimea 
anetynr. pon f01 wave retarct.tron handling or ...,,;. reductiOfl .reps. All ... used in the aize reduction of aof'l cw 
p,.te. 360° gt"eduet~ rotating atege. umple end 61idtt preperetion• 6hould looMty bound materials, though this • 
1ubstege condenser. lamp. and lamp I» cerr;.d our in e ~entileted hood or "''Y cauae matting of eome hrnpleli. 

"'' glove boa with continuou1 eirflow Such umpl" mey be r~uced '" e 

• l'olerized Light tnegerive preuure) Hendlmg of Wtley mill. Apparatus lhould be cleen 
Mtcroscope described above •empl•s without these pr•ceuttons and eatrame cere axerc11ed to evoid 

• ObJett•ve Lenses. 10X. 20X. end mer result in ellpoJurt! tJI the enelyst cross-conrem•netion of aamplas. 
COX or n11r IQuivelent 1nd conremlflefion of ,.mples by Pertodtt chec:U of the panicle au~:es 

• Dtrp•rston Steining Obj enitle Lens .;rborne Iibera. should be made Clurine the grindtng 
(OPUOMI) r.7.r Svrt/lllftg OPeratron 10 n to prnerw eny fiber 

• Ocul•r Lens: tOX minimum Semplea for analysis of esbeatos bundle~ pr ... nt in en identifllble 

• Erepie&e Reticle. cross heir or 25 content ahall be taken in the manner fofm. TheN procedures ere not 
point Chalkier Point Array prescribed in Reference 6 and recommended ftlf aarnptas that contain 

• Compen61tor l'lete: ISO milli· informetton on destgn of hmpltng end amphibole minerala Of wermic:ulite . 
micron retardation analysis programs may be found in Grindii\IQ of amphiboles may result in 

r.a.z Semple l*reperetiott Reference 6. H there Ire any questions the aeperation of fiber bundles cw the 
Sample preperetton epparatus ebout the repr .. antet iva nature of the production of c:leevage fragments that 

requirements will depend upon the aample. enother aemple should be have aspect ratios gt"leter then 3.1 and 

type of insuletton aample under request~ before proceecSine with the will be deaaified as asbestos fibers. 

consideration. Vauous physical and/ or enelysia. Grindint of vermiculite mey also 

chemical meens mey be employ~ for r.7.z Attely•l• produce fragments with aspect ratios 

an adequate sample esuasmant. 1.7.2.1 Gtou Eaeminetion 
erearer than 3 :1. 

• Ventileted Hood or negattve lullt aemples of build•na materials Acid treatment mev occasionally be 
preasura glove box taken for the tdtntiftcetion end requtred to eliminate interferences. 

• Microscope Sltdes quentitatton of asbestos are ftrat Calc:ium c:art»onate. gypsum. and 

• Cover61ips examined for homogeneity at low baaunite (plaster) ere frequently 

• Moner end Penle: e;ete « magnification with the aid of 1 pr"ent in apr eyed « trowell~ 
porcelain (optional) atereomic:toacope. The core aempte insulertiona. Ttlne materiels mey ... 

• Write M ill (optional) may be eumined in tb container or removed by treatment with warm 

• leeker• • •uoned gles.-e,. carefully remcwed from the container dilute acatie acid. Werm dilute 
(OCittonell onto a etasaina trenafor paper « dtlen hydrochloric: acid may aleo be ~~~~to 

• Centrifuge (optionel) gtaas plate. II pouible. nota ia rnede of remove the above materiels. H acid 

• liltretion epperoru•loptionat) the orientation of top and lloaom treatment is required. Wllh the 

• Low lemt»teture e1hlr (optional) eurfaces. When discrete atret.a ere aemple at fealt twic. with dmilled 

identif•~. aach is treat~ .. • .. perate water. beint careful not to lou the ,_. 
Raqenta lnaterialeo that ftberl ere flrat identified penie"lat .. during dec:enting aops. 

r .• . r Sempl• ,,.,.,etiott and quantiftod in that layer only. lnd Centrifugation « filtration of the 

• Dilififled Worer (optional) Chen the results for .. ch layer are a~nsion will pr..,..nt aignifant 

• Dilut• CH.COOH: ACS raa,_nt combined to yield an eattmate of fiber toss Tn. pore aile of the fitter 

gredo (optional) asbestos content few the wttole .. mple. ahould be O.C5 mitton « leu. 
Ceutio.n: prolonged acid conted with • Dilute HCt ACS reagent greda f.7.Z.Z Semple l'rop•r.rion tiNf •emple mer eltot rtt. opricel (optional) lulk materials aubmin~ for ehetocteti6titS o1 chryntile fiber• end • Sodium motephOIPh•te (NePOalt aabestos analysia involve 1 wide -"ould be evoided. (optional) variety of metria tneterials. Conines and binding fnaterials , .•. z Anelyticel R•egenu Representative aubhmpl" rn-v not bl adherint to faber aurfacea rn-v also be 

• lfefrer:tittelndea Liquids: 1 AIO- readily obtainable by aimpla means in removed by treatment with IOdium 
1.670. 1.190·1.720 in incrementa heterogeneoua materiela. and veriow 11\etephosphale.' Add 10mlof tOg/ L 
of 0.002 Of 0.004 ~taps fney be required to etleviate the IOdium metapholphete eolution to a 

• lfefrectivelndell Liquith lor ctiffic:utties encountered. fn moat c.sea. •mall (0.1 to 0 .5 mU Ample of bulk 
Di1per1ion Staining: high· however. the belt preparation ia made materiel in a 1 &·mL glen centrifuge 
disperaion aeries. 1.650, 1.105. by uling forceps to sample It several tube. For approximately 1& MCOndli 
t .630 (optional) pla~es from the bulk material. Forcep each. etir the miJCture on 1 worte• 

• UICC AIHifos Reference Semple .. mpllli are immer~ in e rofrec:live miur. place in an uttraaonic bath and 
Set: Aveilable from: UICC MRC lnJu liquid on a tnicroscope tlide. then shake by hand. Repeat the 11rie1. 

~ 0001.1.1. 
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.. . 
· Collect tile d•se»eraed sohd1 by 

centnfugauon at 1000 rpm for 6 
mtnute5. Wash the Mmple three t•mes 
by au5pend.ng 1n 10 mL dl5ttlled water 
end recentrtfugtng. After washtng. 
,.,uspend the pellet m 6 mL d•stilled 
water. ~ce a drop of the auspens•on 
one macroac:ope ahde. and dry the 
.. Ide a t t 10"C. 

lft aamplel with a large pon•on of 
Clellulos•c or othe r orgaruc f1Ciers, n 
may be uMful to ash pan of lha 
Nmpla and eumine the residue. 
Aahiftll should be performed in a low 
temperature asher. Aahiftll may also 
be performed in • muffle furnace at 
.. mperatures of 500°C or lower. 
Temperatures ef 550°C or higher will 
cause dehydro•ylat•on of tha asbestos 
minerals. resulttng in changes of the 
refracuve inde• and other key 
parameters. H a muffle furnace i5 to be 
usH. the furnace thermostat should 
be cheebd end calibrated to ensure 
that aamplea will not be heated at 
temperatures greater than 600°C. 

Ashing end acid treatment of 
Nmples ahould not be uaad as 
tnandard procedural In order to 
monitor possibte changes in fiber 
characteristics, the meterial should be 
viewed micr~ieally before and 
afler any sample pr~ration 
procedure. Uae of these procadures on 
1amples to be uaed for quantitation 
requires a correction for percent 
weight toss. 
1.7.2.3 Fe-r lftntification 
· Positive identif~tion of aabestos 

requires the determination of the 
fotlowing optical propen .. s . 
e Morphology 
• Color end pleoctvoiam 
• l'etractive indices 
• airefringence 
• Extinction charecteritnica 
e Sign of elongtnioft 

Table 1-1 lists the above propenies for 
commercialaabeltos fibers. Figure1·1 
presents e flow diagram of tha 
eaamination procedure. Natural 
var1ationa ift the conditions under 
which deposits of aabestiform 
minerals are formed will produ• 
exceptions to the published values and 
differences from the UICC standard&. 
the sign of elongation is determ&ned by 
UN of the compensator plate and 
crossed polars. Refractive indices may 
be dete rmined by the Beclte line test. 
Alternatively, d i1persion ataining may 
be uHd. lne..,erienced operators may 
find that the disperaion ataining 
wchnique is more easily learned. and 
should COftault Reference t for 
guidance. Central atop d isperaion 
tnainiftll colora are presented in Table 

• 1-2 . Available high-diaperaion (HDI 
liQUidS 5hOUid be U5ed 

1.7.2.4 Ou•ntitltion of AU,.nos 
Com•nt 

Aabestos Qulntitation ia performed 
bv a poant-countang procedure. An 
oculat ratacle (cto5s· haat or poant 1rrey) 
ta uaed to viaually aupertmpon e poant 
or po•nt5 on the m1croscope held of 
w.ew Record the number of potMS 
positioned directly abo\'e each kind of 
pantele 01 f'lber of imaralt. Sc:ora only 
poims directly over eabastos fibefa or 
nonasbestos metria material. Do not 
acore empty pointa for the cloMst 
particle. H an albestos fiber and a 
matri• particle overlap ao that a point 
is auperimpo~ed on their viauel 
Intersection, a ~::1i · • ·; tc.ored for both 
categoriea. Point counting provides a 
dete rmination of the a rea percent 
asbestos. Relilble converaion of area 
percent to percent of dry weight is not 
currently f11sible unleas the apecific 
Fevities and relative volumes of the 
materials are known. 

For the purpose of thia method. 
"aabestoa fibera" are defined as 
having an aspect ratio greater than 3:1 
and being poaitivaly identifaed •• one 
of the minarala in Table 1-1. 

A total of 400 points auperimpoNd 
on either asbestos fiber• or 
nonasbestos matri• material mull be 
counted over at least e ight different 
preparationa of representative 
aubsamples. Take e ight forcep Mmplea 
and mount each aaperetely with the 
appropriate refractive index liQuid. The 
preparation ahould not be heavily 
loaded. The sample ahould be 
uniformly disperaad to avoid 
owerlapping panicles and a llow 26·50 
percent empty area within the fieldl of 
view. Count 50 nonempty pointa on 
each preparation. uaiftll either 
• A croaa-bair reticle and mechanal 

Mage; or 
• A reticle with 26 points (Chalkley 

Point Array) and count ing at lealt 2 
randomly aalected fields. 

For samples with milltur• of isotropic 
and aniaotropic materials pi'IHnt. 
viewing the sample with 1lightly 
uncrossed polars or the addition of 1M 
COfi'IC)enutor plate to the plane poleriud 
liJht path witt allow simuhaneoua 
diacrimination of both p~rtide typeS. 
Quantitation 1hould be performed at 
1 OOX or at the lowest magnification of 
the polarized light microacope that can 
effectively diatinguish the aample 
componanta. Confirmation of the 
quantitation resuh by • second anatyat 
on 1ome percentage of analyzed 
aamples ahould be uaed aatnandar~ 
cauality control procedYfl. , 

The percem aabeao. il calculated 
-follows. 

• asblstoa • (at n)1c:x:Yt.. 
where 

a • number of asbeStos counu . 
"• nuft'll)er of nonamPtY po•nu 

410Uftted (.00). 

H • • 0, report ""No aabesto' 
dlt~ed.'". 0 <. s 3, .. port "<1,. 
aabeatol ... 

The value reponed ahould be 
rounded to the nearest percent. 
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Ch'Yiotile 
(esbesrilorm 
.. ,~ntmeJ 

Amnii• 
f•sbeltiltJrm 
pUMrite) 

Crocidolite 
f•sbestilorm 
tiebecl.neJ 

Tremolite
ectinolite
·••besro• 

Mt~rpht~logy. 
~o/or• 

Relrectiffe int11ce1) 
0 .., 

Bire-
fringence EninctitJn 

Wevyfibera. Fiber bundles 1.493·1.160 1.517-1.562' .002· 1110 fiber 
l»ve apleyed ends end ••inks•. 
AIPett r•titJ typic• fir > 10: 1 
Co/Miess,. nonpl.och!Dic. 

Streight rigid Iibera. 
A1pecr ratio typically >10:1. 
Co/or/en rp brown. ttonpl•o
~roic or we•Aiy so. Opaque 
int:lu1iona may be P'•••nr. 
Streight. rigid fibefl. 
Ttucl. fiberl end bundles 
~ommon. blue to purple ·blue in 
~lor. Pleochroic. B~relrtngf!nce 
il ,.,.,-''r mesk.ed by blue t:Oior. 

Streight •ingle fibers. 
•ome /erger composite 
fibers. AnthrophyH1te t/eettefle 
fr•gmems m•r be present wnh 
aspect retios c 10:1.• ColtJrless 
ro light brown. 

(nDrmelly .014 length 
1.656) 

1.135-1.196 1.655-1.729' .020-.033 nro tiber 
(norm•llr length 

1.696-1.7'10) 

1.654-1.701 t.I6B·1.717' .014-.0161110 fiber 
(normally length 

close ro r. 700J 

1.596·1.652 1.615· 1676' .019-.024 1110 fiber 
length 

Tremo#re-esbesros mer be 1.599·1.668 1.622-1.688' .023·.020 Oblique~ 
10·20° lor 
lregments. 
Composite libefl 
Plow Ueninction. 

tHesent es singlf! or ~mpositf! 
fibers Tremollte c/eevege 
fregments mer be present es 
aingle crystels with espect retios 
«' 10. r.• Colorless tope/6 gret~n. 

'FrtJm reference 5. colo,. cited ere •••n by obserttetion • Fibers defmed es heving es~tt retio >3:1. 
with pl•ne PtJierized llghl. •.Lto fiber '-ngth. 

a FrtJm ,.ferenees 5 end B. •II to fiber length. 
a Fiber• •ubjecred to he•rmg mar be llrowniah. 

Table 1·2. Centr•l srop disper1ion steining colors • 

Minl!rel Rl Liquid .L II 

CJJTysorile 1.5500ffj Blue Btue-magent• 

•Amosire• 1.610 B/ue-m•genre Golden•'flllow 

1.55~ 
ro pele blue 
'fellow ID 'lelft>w to whire 
white 

c,.ocidolite• 1.700 Red magente Blue-m•gente 
r.sscro 'fellow to Yellow to whire 

r.ios- white 
Anthophyllite· Blue Gold to 

abeuos fiOid·magente 

7,.molire· 1 .IOS'"Dc l'ele blw Yellow 
asbestos 

Actinolite· r.10r Gold·m•genr• Gold 
asbestos to blue 

•From r•fetenu 9. ~lors may t1ery -'ightly. 
•slue ebstJrption color. 
•obliqw eniMtion t1iew. 

Sign of 
elonget,on 

+ 
(length -'t~w) 

00(1.1.3 
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.- · PoJ• r•zrC 11; . .,1 m•trO$COPY quefirerwe • · .•ly$i$ ·For ••ch typr of met e rie I identif•edby exeminer•on of semplr er low megnH1ce. 
t1on Mount spectelly dtJptlrsed semple irt 1.550 Rl ltqu1d Iff usmg d1$~''""' steirting. mount m 1.550 HD.J 11,.,., et IOOX .,,,, 
both plene poleme~ li;ht and crossed /H)Iers. More thlln OM fiber t'IP• mey ._ P'elent. 

Fibefl 
absem 

~ 
E•emiM two ~ltiOnel prefMred 1/Ms ., 100X 

1 • .,..1----------- ,._,, P'•••nt 

~ 

I 
Fibers •re isotropic (diseppeer et all 
•ngtes Ill •tep rotetton with croued 
1101ersJ 
l'oSiible fibers ittelude: 

Fil»rglestt: r ·20 II'" uniform di•mater. 
If/ typicelly < 1.53 

Minerel wool: 1 ·200 II'" diemerer. 
bulbous ends end tthot. 
If/ t'IPice/ly > 1 .53 

' n: 1.550 
Determine n. 
Ched. morphDiogy for chrysotile. 
If fibers ere twisted end exhibit 
inter,./ tleteils. cellulose is indiceted. 

~ 
Fiber• are a,sorropic (e•hibit 
•xrinction •r 10~ intefY•I• of 
Mege rot•tion.J 

1 
f . Determine extinction cherecteristiCI 
2 . Determmr s•gn of elonget1on. 

• All, .• > 1.550 ----+Mount in r.uo Rlliquid 
I I • 

"= r.ao All, .• < r.uo 

E•emi,.tion eomp/ere. 
lfepon no asbestos , ... ,,. 

J 
Negeti~~e • MOUrtt itt 1.700 Rlliquid. 

Determine n. 
Check morpM/ogy for 
crocidoltte. 

DetertniM n. & 
Ched tnMphoiOfiY Mount in 1 .MJS Ill liquid. 
lor •emo~tre•. Determitw n. 

--------

Ched morpltol0f1Y and 
dlerecteriJtics ftH anthtlphy/lite·esbestos. 
ttemollte·•ctinolite·Nbestos . 

• OOC1.1.4 
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2. X·Ray Powder Diffraction 

Z. 1 Principle end Applicability 
Tne prtntll) le of X-rey powde· 

d:Hre::t10n (XFI01enelys•s is well 
estebhahed '"' Any aohd. crystelhne 
tneteriel will diffrect an imptngent 
beem of parallel. rnonochlomatic X
nys wnenewr lregg"a Law. 

A• 2d ain I . 
il aatisfied for 1 particular aet of 
plene~ In the crystel len•ce. where 

.A c the X-ray wevelen;th, A:. 
d c the lnterplanar apae1ngs of the 

••t of reflectmg lan•c• planes. A:. 
1nd 

I • the angle of incidence between 
the X-ray beern and tha reflecting 
.. nice plenes. 

ly appropriate CM"ientation of a aample 
relative to the incident X-ray beem. • 
diHrection penern cen be generated 
tMt. in most ceses. w ill be uniQuely 
cf\erecteriltic of both the chemical 
cornpoaition and atructure of the 
cryatelline phases present. 

Unlike Ol)t•cel methods of analysis. 
however. XRO cannot determine 
crystel ~hology. TherefCM"e. in 
ISbeStOI analysis, XRO don not 
distinguish between fibrous end 
nonfibroua forma of the serpentine 1nd 
amphibole minerals (Tebla 2·1). 
However, when uaed in conjunction 
with opticel methoda auch 11 polarized 
light microscopy (PLM). XRO 
technique• can provide e reliable 
1n1lyticel method for the identification 
1nd cheracterization of asbeStiform 
tninerala In bulk materials. 

For fiUIIiteti~• eneiyaia by XRO 
methods. samples ere initielly acannld 
over limited diegnoatic peek r-aiona 
for the aerpentine (-7.4 A) end 
•mphibole (8.2·1 .5 AI minerela (Table 
2·21. Stenderd slow-acennine methods 
for butt umple enetysia mey be used 
for materiels ahown by PLM to contain 
aignificant emounu of llbestoa (>6-
10 percent). Deteaion of minor or 
trace amounts of 11be1toa may require 
apecielsernc>le preperetion and atep. 
ac.nning analysis . All umplel that 
•hibit diHrection peaks if\ the 
diegnoatic r-aiona for asbH1ifCM"m 
minerels era submined to a full (&•· 
eo• 2t 1• 21/ minl quelitetive XRD 
ecen, and their diHrection penerna ere 
compared with atanderd reference 
powder diHrection panerna• to verity 
initiel peek essignments end to identify 
poasible metria interferences when 

eub .. Quent quentitetive analysis will 
be performed. 

Accurete qu•ntiteri"• enelyais of 
asbestos in bulk aernptes by XRD " 
crit•c.elly dependent on particle eize 
diatributtOn. crystallite aize. pt'efer:red 
orientetion end matrix absorption 
effeaa. 1nd comperability of atendllrd 
reference and semple materiels. The 
moat intense diHrection peek that hila 
been shown to be free from 
interference by pnor Qullitative XRO 
enelyaia is aelected for quentit1110n of 
eech llbestiform mineral. A. .. thtn-
.. yer" method of enalysiaa.• il 
recommended in which, eublequent to 
4»mminution of the built materiel to 
-10 pm by suiteble cryogenic milling 
tKhniquea. •n accurately known 
amount of the umple is deposited on 
a silver membrane fitter. 1M mau of 
asbestiform materiel is determined by 
tMiauring the int-aratld ., .. of the 
Mlected d•Hrection peek using a aep
ec:anning mode. ccwriCling fCM" matrllt 
absorption effects. and comperinQ with 
euiteble calibrat•on atandards. 
Alternative 'lhict-layer" or bulk 
tMthods.7 

.. tney be Ulld fOI' 
••miqu•mit•ti~• •nelyaia. 

Thia XRD method is applicable a 1 
confirmetorv method fCM" identifiCation 
and quentitation of llbeltol in bulk 
meterial .. mpln that haVI undergone 
prior •natysia by PLM 01' other optical 
tMthods. 

2 .2 Range and Senaltlvtty 
The range of the method hila not 

been determin.ct. 
The 11nsitivity of the method hal 
not been determined h will be 
variable and dependent upon tneny 
fllctors. including matrix effects 
(lbsCM"ption and interferenca). 
diagnostic reflections ulec:ted. 
and their relative intenaitias. 

2.1 UmltatioM 
~.~. , ,.,.,.,.,". 

Since the fibrous end nonfibrous 
forms of the serpentine and amphibole 
tninerala (Table 2·11 1re indiatinguiah· 
able by XRD techniques unless apecial 
11mple preparation techniQun and 
Instrumentation ere used. • the 
presence of nonaabeatifOI'm 
11rpantines end emphiboln in e 
Nrnple will pose aevere interference 
problems in the identification end 
cauentitetive anatysia of their ablsti· 
fotm analogs. 

• 
... . 

The UM of DO for ldentif!Qtion end 
cauentltat•on of aabeatifCM"m m•nerela '" 
bulk 11rnpln may 1lao be limited by 
the preaenc.e of other interfer•n; 
materia fa in the Nmple. For neturelly 
occumng materials thl1110mmonly 
•aociated asbeltot·related minefal 
lnterferenc.a can ueuelly be 
anticipated. However. for flbricat.ct 
meteriela the nature of the interfer
ences may very greatly (Teble 2·3)and 
pre11n1 more aerioua problema in 
identif•cetion and quantitat•on. •o 
Potentiel interference• are 
eummerized in Table 2-4 1nd include 
the following: 
• ChhNite has majCM" peeks et 7.11 A 

and 3 .58 A that interfere with bOth 
'lhl primary {7.3& Aland MCOndlry 
(J.I& AI peeks for ctvysotile. 
Rllolution of the primary peak to 
tivl good QUintQtive r11ufts may 
Ill possible when a atep-ec:anning 
mode of c.perltion il employed. 

• Helloyalf• haa e pen at 3 .53 A that 
Interferes with the MCOndlry (3.66 
A) peak for chryaotile. 

• K.olinile hils • mejcW peak at 7.16 
A that may interfere with the 
primery peek of ctvysotile at7.36 
A when pr11ent at conc:entretionl 
of >10 percent. However. the 
eecondary chryaotile peek at 3.11 
A may be ueld fOI' quantitation. 

• Gypaum haa • major peek at 7.5 A 
thlt overlaps the 7 .3& A peek of 
chrysotile when present •s 1 majCM" 
Nmple conatituent. This mey be 
removed by careful weahing with 
distilled water. or by heating to 
3oo•c to convert typ~um to plaater 
of peril. 

• C•lluloae hils e broad peak tMt 
partielly overlaps the aecondary 
CJ.I6 AI ctuvsotile peet. e 

• Overlep of major diegnoatic peats 
of the amphibole aablltos 
minerels. amoaite. enthophyflite. 
crocidolite. end tremolile. et 
approaimetety 1 .3 A and 3.1 A 
caut.H mutu.l interferera when 
these miner•l• occur In the 
pl'llence of OM another. In ICMM 
lnltences adequete ntaolution may 
be eneined by ueing step-acenning 
methoda 1nd/01' by dec:t .. aing the 
coUimator alil width et thl X-ray 
port. 

• Cerbonetes may elao interfere wittl 
cauentitative anelysia of the arnphi· 
bole asbeatos minerels. arnositt • 
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•mhophy\lne. crocidolhe. and 
tremolna Calc•um c.rbonate 
(taCO a) has a peak at 3 .035 A thlt 
~rleps maJO' amptuoole peeu at 
~roa•mataly 3.1 I. wMn prnent 
in concentrauona of >6 percent 
Removal of c.rboMtll with a 
•11111 acid waah it potlibla, 
however. if prHant. chrvsotila mav 
be pan•allv dtsaotvad by ttm 
treatment." 

• A maJor talc peak at 3.11 A inter· 
'-'" with the primary · remolne 
peak ., this Nme posit ion and with 
..conct.ry peaks of crocidolita 
C3. 10 AI. amosita (3.06 AI. end 
eftthophyllita (3.05 AI. In the 
Pflllnc:a of talc. the major 
diagi'\Ostic paalt at approllimataly 
1 .3 A should be used for 
Quant•tation of thele asbe&tiform 
miMrals. 

The prot»lem of intraspec:ias and 
matria intarfarenc:es it funhar 
et~Ofavatad by the '!ariability of the 
.tlicata mineral powder diffraction 
pattern& t.hemNives. which often 
rnaltaa def1n it1ve ident if1c.tion of the 
abestos miMrtls by comparison with 
atandard refaranea diffraction patterns 
cliff•cutl. Thi& variability rasutll tr0111 
alterationS in the crvstallanice 
asociatad with difference& in • 
ilomorphous substitution and dagrH 
crf crystallinity. Th•& is 11pecially true 
for the amphiboles TheM minerals 
eahibit a wide variety of wary aimilar 
Chemical compositions. with the result 
being that their d iffract1on panerns ara 
characterized by hiving majew (1 10) 
reflections of the moft()Cilnic 
amphibole~ and (210) raflaction&crftha 
onhorhombic anthophy(lita aapar...S 
~ leu than 0 .2 A. u 

~-~.~ Marm ENact• 
H a copper X-ray aourc:e i& used. the 

prasanea of iron at high 
conc:antration& In a Nmple will raault 
1ft significant X-ray fluorasc:anca. 
laad•ng to loss of peak intensity 
with increased background intensity 
and an overall dacraasa in aensitivity. 
This &ituauon may be corrected by 
use of an X-ray source ottw.f INn 
copper; however. thit is often accom
panied both by loss of intanaity and by 
dacraa&ed resolution of dosalv .,_cad 
reflections. Aflernativaly, uaa flf a 
diffracted beam lftON)Chromatew will 
raduc:a bactground fluewacent 
radiation. enabling weaker diffraction 
peaks to be dat.c:tacl. 

X-ray absorption by the N~a 
matria will result In overall enanuation 
flf tha diffracted beam and rnay 
Ntiously intarfara with quantitatiwa 
analysis. Absorption affacta may be 

.inimilecl by using authciantty "'thin" 
umples few enalysis .. , .. ,.However. 
unless ab5orptton effeas ara known to 
be the N ma tor both Nmplas end 
atandards, appropneta correctiOns 
IJhOuld be made by referencing 
dlagnost•c peak areas to an internal 
atandard7 

.. or f11ter autllatrate(Ae) 
paak u 

2 .3.3 'ertic:le Sue DepeiHiettc:e 
Because tha intan&ity of d•ffractacl 

X·radlat•on ia panicla·aize dependant. 
ll i& HUntlal for eccurete quantitative 
enalyais that both Nmple and 
etendard rafaranc. materiel• hlwa 
~milar pantcle aiza distributions. The 
~timum panicle lin (i.a .. fiber length) 
range for quantitativa analysis of 
asbestos by XRD has bean reponed to 
be 1 to 10 t~m·'' Comperr.bllity of 
sample and standard rafaranee material 
panicle s ize d•stribut iona lhould be 
warif1ed by optical microscopy (01' 
anochar suitlbleiMthod) prior 110 analytis. 

Z.~.4 '"''"'d OfientatiOit EHect1 
,referred ewientation of •&bestifewm 

m inerals during urnple preparation 
often poaes a Nrioua problem in 
quant itatiVa analysis by XRO. A 
number of techniques h.,. bean 
davalopad few reducing prafarrad 
orientation affecu In --.hict layer·· 
umpl ... 7 

... ' ' for '"thin~ umplaa 
on membrane fitters . the prafarrad 
orientation affects IHm to be both 
reproducible and favorable to 
efthancemam of the principal diagnoaic 
raflacuons of asbestos minarel&. 
actually inc:taa51ng the 0\'ltlllun&itivity 
of the method.11, •• However, further 
invelltgalion into prafarrad orientation 
affects in both thin tayar and buill: 
Nmplas ia r~uirad. 

~.~.5 bd of S11hdly 
t:ltaractefized Standard Matarlall 

Tha prot»lam of obtaining end 
charec:tarizing &uitabla refaranc:a 
matanals few asbestos analya;. is 
ct .. rly recognized. NIOSH has rac:ently 
directed a major rasaerc:h effort toward 
\ha preparatiOn and characterization of 
analytical refaranee material&, 
mc:luding asbestos ltlndardl; ... " 
however, lhasa are not available in 
large quantities for routine anatyai&. 

In addition. tha poblam olensurinQ 
1M comparability of standard 
mera"nce and &ample materials. 
.. nicutarly regarding crystallite aiza. 
panicle &iza dtltribution, and c:fe;rH of 
CtyStallinity. has yat to be adequately 
acklrassad. Few aaample, Langer at al ... 
have obserwad that in ln&ulating 
matrices, ctvysotila tends to braalt 
opan into bundln mora frequently 
then amphiboles. This ra&utll in 1 line· 
broadening affect with a raaultant 

7 

decrease in Nn&itivity. Unlau ttus 
affect 11 the same few both atandard 
end umple mataraals. the amount of 
dlfysottla 1n the sample will be under· 
•t•rnatad by XRD analysiS. To 
minimize thiS problem. it it 
recommended that atendarduecl matrUI 

raduct•on ptoceduras be USed to.- both 
umple and atandlrd lllltaraals 

J .• ,recision end Accuracy 
,riCII IOn of the method has not 

bean determined. 
Accuracy crf the INthod has not 

Man determined. 

J .l Apperatue 

~-•· i $ample ''•par.,iott 1 
Sample preparation apparatus 

requirements will depend upon the 
sample type under consideration and 
the kind of XRD analysts to be 
parfewmad. 
• Mortar emll'•6tla: A.Qata or 

porcelain 
• Razor •lades 
e S•mple Mill: SPEX. tnc:.. treezar 

mill or equivalent 
• •ult Sample Holder• 
• Siltter Membr•n• Fillera: 26-mm 

diameter. o.•s-""' POfl lila. Salas 
Corp. of America, Ftottonic:a Dtv •• 
1157 PMtnaar Road. Huntington 
Valley, ,A 11006 

• M icro•topa Slides 
• Vacuum Fillrati01t Apparatus: 

Gelman No. 1 107 or equivalent. 
and aida-arm~""' fialk 

e Microb•fance 
e UllfasOitic /lath M holM: Modal 

W1 40, Ultra&onica. Inc:., operated 
It a power den&ity of approximately 
0 .1 W / mL. or equivalent 

• Volumetric Flask 1.t. WDiurna 
e AISortlltl Pipet 
• Pq,.t Bulb 
• NDnl•ffatlltl Forceps 
• Polyethylene W••h /Ionia 
• ,yra• Beaters: 60-mL woluma 
• DesiccatM 
• Filter Storage C•••.n•s 
• Magnetic Stirring Plate emf Bars 
• l'orcalain Crucibles 
• Mulfle Furnace or Low r_,.,,.. 
A~r 

~ .• . 2 s.,. • .,~. 
Sample analysis requirements 

lftc:luda an X-r~ diffraction unit. 
equipped with: 
• Con6tant l'otentiel Generator. 

Voltage and mA Stabilizefl 
• Autornatlltl DHfraC1omatar lllfith 

$tap·Sc•nning M,. 
e COP~* Target Jt-ltay TIIH: High 

lntan&ity; f1na focus. ~farebly 
• X-R•y Pu4e Haight SeleC1M 
• X-Ray Detector (with high voltage 

power supplyJ· Scintillation or 
proportional counter 

0 0011.6 

-------



000117

·. e Focusing Gr•phire C"61•1 
Monochromttor: or N1d•l Filr•r Cif 
copper 1ource cs u1ed. and tron 
fluoresc:.nce 11 not a Hrcous 
problem) 

• D•t• O~~rpur Acctuor;.s: 
Strip Chtrr Recordt!r 
Dectde Sc•l•r/Titur 
Digittl Pnnrer 

• Stmple Spmner (optconal) 
e lnstre~ment CelibrttiOfl Rtfertncl! 

s,.c,men: cr..quaru reference 
crystal (Arkansas quaru standard. 
•180-147.00. Phihps Elec:1ronics 
Instruments. Inc .• 15 McKM Drive. 
Mahwah. fU 074301 or equivalent 

2.1 Reagents 
2.6 . f Standard Reference Meteriels 

The reference materials hstad below 
are intended to serve as a guide Every 
anempt should be made to acquire 
pure reference matercals that are 
comparable to sample materials being 
anatyaed. 
• Chr(sotile· UICC C.nadcan. or 

NIEHS Plastibest. (UICC reference 
materials available from: UICC. 
MAC Pneumoconiosis Unit, 
Uandough Hospital. Penanh. 
Glamorgen. CF61XW. UKI 

• Crocidolite: UICC 
e ""Amositt!•: UICC 
• Anthophyllite-Asbestos: UICC 
• Tremolite Asbestos: Wards Natural 

Science Establishment, Roche11er, 
NY; Cyprus Research Standard. 
Cyprus Research, 2435 Milrtary 
Ava .• Los Angeles, CA. 10064 
(washed with dilute HQ to remove 
amall amount of c:.lcrte impurity). 
Indian ttem~ite, Reja11han State, 
India. 

• Actinolite Asbestos: (Source to 
be determined). 

2 .•. z AdheSIVe 
Tape. petroleum jelly, etc. rtor 

attaching silver membrana filtara to 
.. mpla holders). 

2 .•• J Surfec:tattt 
1 Percent aerosol OT aqueous 

solution or equivalent. 

z .•. 4 l•opropattol 
ACS Reagent Grade. 

2. 7 Procedure 
2.7.1 Semplitt• 

Samples for analysis of asbe11os 
content shall be collected as ~PKifittd 
In EPA Guidance Document •C0090. 
Asbestos-Conteining M•teriels in 
School Buildings.,. 

2.7.2 Att•IY.sJ• 
All samples mUll be analyzed 

Initially for asbestos content by ~LM. 
XRD should be used as an auxiliary 
method whan a second. independent 
analysis is.rt~e~uellecl. 

Nore· Asbestos is • toaic •ubstenca. 
All handlmg of dry meter~tll •hould h 
performed"' •n operetmg fuma hood 

Z.7.2. 1 Semple Praparetion 
The method of sample preparation 

reQuired for XRO analysis will depend 
on. (1) the condrt•on of the •ample 
received (sample scze. homogeneity. 
panccte sc:re drstributcon. and overell 
composrtron as determcned by PLMI. 
and (21 the type of XRO analysis to be 
performed (Qualrtatcva or quanrltative; 
ttun layer or bulk). 

lulk I'Mteriels ar• uauatty received 
aa inhomogeneous mixtures of 
complex composition with very wide 
panicle aile distributions. ~rl1)aration 
of a homogeneous. representative 
temple from asbestos-containing 
matercels es panicularty r>cHtcutt 
because the fcbrous nature of the 
asbeStos menerals inhibits mechanal 
mixing and atiTring. and ~UH 
milling procedures may ceuae adverse 
lattice alterations. 

A descussion o~ apecific matrix 
reductton procedures is viwan below. 
Complete methods of .. mple prepara
tion are detailed in Sections 2.7.2.2 
and 2.7.2.3. Nota: Allsemple1 -'tould 
be •••mined microscopic•lly before end 
after eech metria raduttion .,.P ro 
monitor chenges in •emp/e perricle size 
distribution. composition. end crr•tel· 
liniry. end ro ensure sample reprasanre
riYenen end homogeMity lor enelysis. 

2 .7 .2 . 1.1 Milling-Mechanal 
millin; of asbestos materials has been 
ahown to decrease fiber crystallinity, 
with a resultant dec:reesa in diffraction 
Intensity of the specimen; the degr" 
of lanice alteration is relat.cf to the 
duration end type of milhnw 
proceu.'~11 Theref0fe. an milling 
timas should be kept to • minimum. 

For quelitetive ene/ysis, particle aile 
II not usually of critical impoiUnce 
and initial characteriution of the 
material with a minimum fA matrix 
reduction ia often desirable to 
document the composition fA the 
.. mpla as received Bulk samples of 
wry large panide lize (>2·3 mm) 
ahould be comminuted to -100 prn. A 
monar and pestle an aonwnimes be 
used in aile reduction of aoft or JooeMr 
bound materials tt.»ugh thia liMy 
ceun maninQ ttl aome samples. Such 
.. ""''• mey be reduced by cuain; 
with a razor blade in a mortar, or by 
grinding in a auitable mill (e.g .• • 
mic:rohammar mill or equlvalant,. 
When using a moner for gt'inding or 
cuning. the umpfe should be 
moistened with ethanol. Of aome Glher 
auitabla waning agent, to lftinimin 
eJ~PQaures. 

• 

for accurate. reproducible quanrne
,;.,, aneiYJtS .. ,1\e,.nrcle size of both 
.. mple and standard matercals should 
be reduced to -1 0 pm (aee Sect con 
2.3.31. Dry ball milling at liQuid 
nitrogen temperatures (a.g .. &pex · 
Fr .. :rer Mcll. or equivalent) for a 
lftaxcmum time of 10 mrn tS 
nc:ommendad to obte1n Mtlsfectory 
pentcla acn drstributtons while 
protectcng tha integrny of tha crvstel 
lattrce.• 8ulk samples of very large 
panicle aile may require grindcng in 
two auges tor tull matrl& reduction to 
<10prn ... ,. 

Ftnal perticla ain diattibutions 
8hould always be verifted by oe>ttcel 
microsc:oe>y or another suitable 
IMthod. 

2. 7.2.1.2. Low temperature ashing
For materials shown by PLM to contern 
large amounts of gypsum. cellulose. or 
other organic materials. it may be 
desirable to ash tha samples prior to 
analysis to reduce bac:tground 
ncfiation or matrix interference. Since 
chryaotila undergoes dehydroxyfation 
at temperetures between 650°C and 
esooc. with aubsequent 
transformation to foraterite.- 8thing 
temperatures should be kept below 
IQOOC. U.e of a low temperature 
uher is recommended. In all C:.Hs, 
celibretion of the oven is enentielto 
ensure that 111\aaimum aahing 
tamperature of fi00°C is not eaceeded. 

2 .7.2.1.3 Acid laaching-Beceuaa of 
the interference ceused by gypsum 
•nd aoma cerbonates in the detection 
of asbestifOfm minarets by XRD (He 
Section 2.3.1 L it mey be necessary to 
remove thesa interferents by a eimple 
•cid leaching procedure prior to 
•natysia (aM Sec:1ion 1.7.2.21. 

Z.7.Z.2 Ou•litetive Au/pis 
2 .7 .2.2 . 1 Initial acrMning of bulk 
material-Qualitative analysis should· 
be performed on a representative, 
homogeneous portion of the sample 
with a minimum of sample treatment 
using the following procedure: · 

t . Grind and mia the sample with a 
mortar and pestla (or equivalent 
•ethocf. 1M Section 2.7.2.1.11 to a 
Snal penicfe aiD sufficiently email 
t-tOOprn)to allow adeQuate 
pectin; into the sample holder. 

2. Pact .. mple into a atandard bulk 
.. mple holder. Cere should be 
taken to ensure thet a representa· 
tive portion fA the milled semple il 
.. lected for analysis. Panicular 
cere should be taken to avoid 
possible aiae segregation of the 
aample. (Note: Use of a bac:l· 
pacting method'• for bulk .. mple 

0001.1.? 
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'.' ~pa• at>On ,.., relfuee Drltfa,rraa 
.,,enterton effects. I 

3. Mount the a.mple on the diffrac· 
tometer end acen owoer the 
d•e;nosuc peek reg•ona for the 
Nrpent•ne (-7.4 A) end empl'libole 
(1.2·8.5 AI minerels «•ee Table 
2·21 The X-ray diffrac:uon equip· 
ment ehould be opumaaed tor 
inten~rty A alow acenning •peed 
of 1 • 2 I t min i5 recommended for 
adeQuate re10lut10n. UM of a 
Nmpie ap~nner is recommended 

4 . Submit all Nft\CI(Is that eahibit 
diffraction peeks in the d•eonostic 
regions for elblstiform ""nerels to 
• full Quelrtet•v. XRD ~een (6°·10° 
21. 1° 21/ m•nJ to verify initiel peek 
en•onmenu and to identify 
potent••' metria interferences 
when subseQuent Quentrteuve 
anelys1s is to be performed. 

5. Compere the umple XRO penern 
Wltl'l stendard reference powder 
diftrecuon penerns (i.e .• JCPOS 
powder diffrection dati • cw tt'ON 
of other well-eharec:teriled 
reference meterials). Pr•ncipel 
Ianiei ~cings of alblatiform 
minerals ere given in Table 2·2; 
common constituents of bulk 
tnauletion and wall meteriels are 
listed in Table 2·3. 

2 . 7 .2 .2.2 Detection of minor or 11'1~ 
constituents-Routine scrHning of 
bulk meter Ills by XRO may fail to 
detect smell concentretion~ (<6 
percent) of esbestos. The limiU of 
detect•on will. in generel. be improved 
" metria abaorption effects are mini· 
mizld. end if the umple penicle tilt is 
..clucld to the optimal 1 to 10,m 
renge. prcwided that the crvstel lettice 
is not degrected in the milling process. 
Therefore, in those instances Nhere 
conf~tmetion of the presence of en 
albestlform mineral It very low Ieveii 
Ia reQuired. or where a naget111e reault 
from inititiiCrHning of the bulk 
""terial by XRO (see SectiOn 
2. 7 .2.2. 1 t ra in conflict with previous 
ftLM results. it may be deaireble to 
prepere the umple es deiCfibld for 
Qutntitltiwe analysis c ... Secrion 
2.7.2.31and step·ICin ower 
appropriate 21 range& of Nlec:ted 
diegnoatic peats (Teble 2·21. Accurate 
transfer of the sample to the ailver 
""mbrena filter is not necesa.ry 
unless aubsequent quentitetive 
anelysis il to be performed. 

2 .7.2.3 Ouantirerw• An•~•;, 
The proposed method for quentita· 

tion of asbestos in bulk umple& is 1 
fftOdific:ation of the NIOSH· 
recommended thin· layer method for 
~ill in eir. • A thic:t· layar or bulk 

-•thod cnvofving pelletaaing the 
Nmple mav be uaed for aemiQuantita· 
t"'e anelya11. u however. th•s method 
reQu~res the edcht•on of en internal 
8\enderd. use of 1 8PIC1111y fabrtc:ated 
.. mple press. and relatively large 
amounts of standard raferance 
mateflals. Add111onal raseerch ia 
raQu~red to evaluete the comperabilrty 
of ttun. end thielt·leyer methods for 
quentltll•ve esbestos analysiS. 

for Quenuteuve enalysia by thin· 
layer methods. the followtng prOCIIdura 
Ia recommended. 

1. Mill end eiza all or • aubstantial 
representat•ve portion of the 
.. rnple as outlined in Saet10n 
2 .7.2 .1.1. 

2. Dry at 100"C for 2 ht; oool in • 
desiccator. 

3 . Weigh accurately to the nearest 
0 .01 mg 

4 . Semples shown bV PLM to 
contein large amounts of 
eelluloa•~ or other orgenic 
materials. typsum. cw 
carbonates. ahould be submitted 
to eppropriate metria reduction 
procedures described in SectiOns 
2 .7 .2.1.2 and 2 .7 .2.1.3 . After 
aahing end/ Of acid treatment. 
repeat the drying end weighing 
procedures deacribld above. end 
determine the percent weight 
lou. L.. 

5. Quentitatively trensfer en 
ec:curtnely w11ghed emount (5(). 
100 mgt of the umpleto 1 1· L 
wolumetric flen With epproai· 
mately 200 ml iaopropenol to 
which 3 to " dtops of autfac:tent 
have been ldded. 

I . U1tra50nicate for 10 min It 1 
power density of eppn~tim~ely 
0 .1 W/ mL. to d iapers• the 
Nmple material. · · 

7. Dilute to wolume wfth 
isopropenol. 

1. ftlece flau on • magnetic stirring 
plete. Stir. 

I . ftlece • silver membrana filter on 
the ftltration apparatus. apply • 
ncuum. and anach the 
reservoir. Release the v~um 
and edd several millilitera of 
llopropenol to the reservoir. 
V"'orously hand shake the 
aabestosauspenaion and 
immediately withdrew en aliQIHil 
from the center of the 
suspension so thet tote I Nmple 
weight. W.r. Gn the filter will be 
appro•imetely 1 mg. Do not 
adjust the voluma in the pipet bv 
a.pelling pan of the suspension; 
If more then the desired eliQuot 
is withdrawn. d1scard the eliQuot 
and reaume the procedure with a 

• 

c:leen p1pet Trenafer the ehquot 
to the reservolf. falter 'IP•dlv 
under vecuum. Do not wesl'l the 
reservoir walls. &.ae~~e the fllte~ 
apparetus under vecuum unt1l 
dry. Remove the reservoir, 
release the vecuum. and remove 
the filter wnh forceps. (Note 
Water·soluble metriJI interfer
ences auch •• gypsum mar be 
remov~ at ""' t•me by careful 
wastung of the flltrete wrtn 
d•stilled water. EJClreme cere 
ehould N taken not to cbturtlthe 
.. mp ... t 

10. Ana~h the filter to • flat holder 
with a aultlble edheaive a"f! 
piece on the dtffrectometer. U1e 
of a sample 1p1nner IS 

recommended 
1 1. For etch asbestos mineral to be 

Quenllleted.setect • raflect•on lor 
reflecteons) that has been shown 
to be frH from intarferenc:es by 
.-rior ftL.M cw Qualitative XRD 
analysis end that cen be used 
unambiguoualy es en indeK of 
the amount qf meterial present 
In tl'le umpla (see Table 2·21. 

12. Analyze the aelected diegnostic 
ntflection(a) by step scenning in 
Increments of 0 .02• 21 for an 
appropriate filled time end 
integrating the counta.II(A. filled 
countiCin mey be uaed 
alternatively; however. the 
method choNn ahould be used 
oonaistently for ell samples end 
standards.) An appropriate 
~nn•ng interval ahould be 
M lectad for aedl peat, and 
blc:tground corrections made . 
For 1 faald time ICin. measure 
the bec:tground on·each aide of 
lhe peek for ona·half the peek· 
ecenning tima. The net inten1ity, 
1.. il the difference between the 
peak inte;reted count end the 
IIRat background count. 

13. Determine the net count. a... of 
the filter 2 .36 A ailwer peat 
following the procedure in step 
12. Remowoe the filter from the 
holder. reverae it. and ramedllt 
to the holder. Determine the nat 
count for the unanenueted ailver 
peak. tl_. Seen time~ mav bile•• 
for measurement of silver peeks 
than for umple peaks; however, 
they should be ~onltant 
throughout the enalysi1. 

14. Normalize all rew, net intenaitiss 
(to correct for lnatrument instebil· 
lliesl bv referencing them to en 
aternelatendlrd (e.g .• the 3.~ 
A peek of en cr-Queru refer•~ 
crystal). After ea~h unknown is 
~nned. determine the nat 

OCG1.1.8 
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·. 
count. 1:'. of the reference 
~c. men folloWing the 
procedure '" atep 12. Determ1ne 
the normalized 1nten&1t1es by 
thvtdlng the peek inten&rttn by 
1:'. 

Ia I -~ dl 1 c.!!a. Ia c'ir, ._-II> . an ,.. If 

J .l C.li~etion 

z .• . r l'rep.,.rion ef C-'llw.rion 
•tentl•rtls 

1. Mill and &IZe atandard aPeltoa 
lftaterials according to the 
procedure outlined in Sec:tion 
2 .7.2.1.1. Equwelent . 
•t•nderdized merri• redut:tltm 
•nd 11zmg techniques ~ould be 
used tor borh .,eflderd and 
••mple meteriels 

2 . Dry at 1 00°C for 2 hr; cool in a 
desiCC8tOT · 

3 . rrapare two auspanaiona of each 
ltandard in isopr~nol by 
weighing approximately 10 and 
50 me of the dry material to the 
,_.., ... 0.01 me Quantitatively 
vanafar each to a 1·L volumetric 
flask with approllimately 200 mL 
•opropanol to which a few dl'ops 
of aurfactant heve been added. 

• · Ultra&onicate for 10 min at a 
power density of appro.imately 
0 .1 W tml. to dtsperM the 
aabestos matertal. 

1 . Dilute to volume with 
iaopr~nol. 

1 . r1ace the flask on a magnetic 
etirring plata. Stir. 

7. rrepara. in tripltcate. a aeries of 
at least five atandard fihera to 
cowr the desired analytical 
range. using appropriate aliquots 
of tha 10 and 50 mg/L auspen· 
aion&. For each standard, mount a 
aitver membrane filter on the 
filtration apparatus. ,...ca a few 
ml of isopropanol in the releniOir. 
Vigorously hand shake the 
asbestos suspension and immecfi. 
at ely withdraw an aliQuot from the 
center of the suspanaion. Do not 
edjust the volume in the pipet by 
e~qMIIing pen of the auspenaion; 
N mote then the desired aliQuot ia 
withdrawn. discard the aliquot 
and resume the PfOCedure with a 
e1 .. n pipet. Tranlfer the aliquot to 
tha reservoir. Keap the tip of 1ha 
pipet Mar the surf.ce of the 
*Propanol. Filter rapidly under 
~uum. Do not waah the sides of 
the reservoir. Leave the vacuum 
on for a time autficient to dry the 
filter. Release the vacuum and 
remove the filter with foroaps. 

z .•. ~ An-"f-'• ef CeiJiw•tion 
St•ndertll 

1. Mount each fiher·on a flat 
holder. Per1orm atep ac.ns on 
"lacted d•agno&tlc reflectiOn& of 
the standards and reference 
apec•men us1ng the procedure 
outlined in Sect•on 2.7.2.3. etap 
12. and the same condrt1ona as 
those uaed for the aamples 

2 . Oaterm1ne the normalad 
intensity for each peak 
tneasured, I\.. as outlined in 
Section 2. 7.2.3. aep 14. 

J.l Calculation• 
For each asbeatos reference 

material. calculate the aAact weight 
deposited on each atandard filter from 
the concentratiOns of the atandard 
auapensiona and aliQuot volumes. 
Record the weight. w. of Nch 
atandard. Prepare a calibratiOn curve 
by regressing t.:. on w. roor 
reproducibility (±15 percent RSDI ~ 
any given level ind1catas problems m 
the aample preparation techniQue. and 
a need for new sgndards. The data 
ahould fit a atralght line equation. 

Determine the slope, m, of the 
calibration curve in 
counts/microgram. The intercept, b. of 
the line with the 1:. axia ahould 
be apProximately .-ro. A large . 
Mgauve intercept ind1cates en ~ m 
determining the background. Thia may 
arise from incorrectly manuring the 
baseline or fro!"\ interference by 
another phase at the angle of be~·. 
f'Ound measurement. A lar~ PDMtve 
intercept indicates an error en 
determining the baseline or that an 
impurity ia induded in the meaaured 
pealt. 

1
. 

Using the nonnaliud intanaity. .... ·· 
fof the anenuated silver peak of a 
aample, and the corresponding 
ftOfll'llliled intensity from the unattenu· 
ated silver peak. Ia. of the aarnple 
fiher, calculate the tranam~nce. T. 
for Nch aarnple as follows. 

T•lt . 
Determine the correction factor. f(T). 

for each aample according 10 the 
formula : 

.... 
,.,.aln 1.. • 

einl. 

1-. ,. angular position of the !Masured 
silver peak (from Bragg~ Law). _end. 

1. ,. anguler position of the d&agnoattc 
asbest~ peak. 

tO 

Calculate the w.1ght, w •. in 
microgram1. of the albestos material 
analyzed for tn each aample. ua1ng the 
appropflate calibratiOn data and 
absorption correct•ons: 

w.•l.tm-b 
In 

Calculate the percent composition. 
r .. of each albestoa mtneral analyzed 
for In the parent materaal. from the 
totalumple weight. WT. on the ftltar: 

, •• w. f1 ·.01u. 100 .w, 

r. • percent asbestos mineral in 
perant material, 

w. • mass of asbeatoa mineral on 
filter, in ~~S~~ :· 

Wt • 10tal Mmple weight on filter. in 
118: 

&. • percent weight lou of parent 
material on Nhing and/ or acid 
trNtmant ( ... Section 2.7.2.3). 
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Principal Iettice specmgs ol asbestilorm mmerefs • 

JCPDS 

Mmerals 
Pt~nr:tpel d·sper:mgs (AJ 
and relertlle mtenstttes 

Powder dtflraclton file • 
number 

Chrrsottle 1.3'7,110 3 .6510 
7.36.110 3.66to 
1.10,110 Z.33to 

•Amosne• 1.33,110 30610 
1.22,110 3 .060es 

Anthophylltte 3.05,110 3.24to 
3.06,to 1.3310 
2.72tto 2.$4,., 

Ctocidoltte • ·l5•to 3.ro .. 
Tr~mo/de 

4.57eo 
Z.45a~ 
3.5510 

Z1-543t 
25-645 
Z2-1 162 ftheorertcel/ 

Z.156,o r7-745 (nonftbrous} 
3.25ro 27-H 70 (UICCJ 
1.26., 9-455 
3 .23eo 16-401 (6ynthetic} 
3.40to Z5·151 
2.120aa Z7·14f5 (UICCJ 
2. 705. J.!-437' 

Antigorite, lizardite 

1.38 tOO 3. r2t110 

Z.706ooo 3 .14es 
3 .13..., 2.706to 

1.43to 20·1310c (synthetic) 
• 44._ 23-666 (synthetic 

Amphibole 
Anthophyllite asbestos 
Cummingtonite-grunerite 

asbestos rAmo~e·J 
Cror:idolite 
1remolite asbestos 
At:tinolite esbestos 

Anthoph'fllit• 
Cummingtonite-

grun•rite 
lfieblt:tite 
Tremolite 
Aainolite 

mt•ture wtth rir:hteriteJ 

.,,.,, ,.,.,,...,, 11 llrlotldoll •• o "''*· -., temp~oro ~--· tllltt«IIIO#t flo to. 
_,.,.,, ,.,,.,., rnw ONI•o"'co. ~~tou~t~w ,.,.,.-"· ,. .,.,.,. ~,,,,,, 

ef UftiPI# otld tofototteo ,...,., .,, _,.,. POJIIIito Atkltt- 1 P"CtlrOII XltD IIOto on .,..,,, •. ctocttlol•ro. ,,., '>Oitto. ontl r,.,,_,_ .,. •• ,,,_.. ,_ ,,.. 
II$."' .. " ol lf-J, ....__ • 

,,,_ ltolo•onco J 
c,~•••r•~~~ 

" 
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Common consmu~nts in ·,-n"sulatton •nd 
wall mat~rtals (from R~f. 101 

Chrysortl~ 
• AfftDStl~ '' 
Croctdoltr~ 
"Rocl wool 
•st•g wool 
0/lb~t f1111SS 
Gypsum (CaSO. • 2Ha01 
V•rmtcultte (mt&U} 
•f'er/ne 
Clays CAao/in) 
•wood pulp 
•f'aper fibers (talc. clay. 
carbonate ftllersl 

Celctum st1tcetes (synthettCI 
Opeou~s lchrom•te. magnet•te 

inclustons tn ~erpentme) 

Hemerne (lnclustons en 
•amos•te~l 

Megnestte 
•Dtetomaceous ••rth 

B. Spray fmish~s or ~Mints 

Bass•nite 
Carbonate minerals (calcite. 

dolomtte. tfatefllel 
Talc 
Tr•moltte 
Anthophylltte 
Serpenrme (induding dvysc•tile) 
":llmosir~" 
Croctdolite 
•Mm~ral fllfDDI 
•Roct woof 
•slag wool 
0 /iber f1/ass 
Clays (kaoltn} 
Mtcas 
Chlortt~ 
Gypsum CC•S0.·2Ha01 
Ouartl 
•org11nic binders •nd thid•ners 
Hydromaf1nesire 
Wo//asrontte 
Opaques (chromire. ,..gn«ire 
incluSions in Nrpentinel 

Hematite (inclusions in 
••mosne•t 

• Amorphous materials · ·contribcne only to o"•'•" scarr•r•d · radtlltlon 
•nd increased background radiation. 

United Statal 
Envoronmantal "owcseon 
Agency 

Center for ffWirOftl'ftllntal Raaearc:h 
tftfor~t oon 
C.nc:tnnato ()H •i268 

Offoc:oal IUSlnau 
Panahy for Plntata UN 1300 

• • 

• • 

T•l• 2-4. k.rerl•r•""s,., XRD .,.lySis 
IJ/ li!Msttform tniiWTIIIS 

f'tllrtiiTy tltagttO•ttt 
Asbestiform .-ah ~ppro•tmet• 
--r•l • ·N»t tngJ l#t ly 

Sarpentme 
Chrysotile 

Amphibol~ 
•Amosne~ 

Anthophylltte 
Cror:ldolite 
Tr•molne 

7.4 

3.7 

3.1 

• . 3 

NoMsbestiform ser· 
,._,,,,.. (enttgottt~. 

llzardtte} 
Chlorne 
K•olinire 
Gypsum 

NDMwstiform ••'P· • 
antines. (antigorite. 
lizarditeJ I 

Chlorite 
Halloystte 
C•llulose 

NOMsbesriform Mnphi
boles (cummingtontt~· 
pruner11e. anthophyllne. 
n.bectne. tr•molne} 
Mcnual int•rferences 
C•rboMtes 
T•lc 

NoMsbesriform 
amphiboles (cumming· 
tonire. f1'Unerite. 
•nthophyl/ite. reibedire. 
rr•molireJ 
Mutual interf•rences 

OOC1.21. 
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- --- . ·- ··- .. . --- _.... - ·- -· ·-----------------·--- .. 
"J I ( I •. "' . '\! :\ <,~ ISTA!'CE TE:\ .\~ I-ll;' I \\ :.•:•.; ! ~CY f: I ': • '· : -:; : l'! .. \!tl\'AL A~O T'REVE~"TION 
1-'1'.', ~ '(I" It; ',C t 6>{•!-{-' ':7 

' • 

Dccem~er 3, 195~ 

U.S. Environ~~ntal Prvte~tion Ag<~:; 
215 Fre~ont Stre~t 
s~~ Francisco, CA 9~105 

Attention: P.T. Bruba~er 

PCSi~ 

TDM 
TATfr 

5033 
098511-11 
098512-F-0002 

Ab~ut 20 year~ as~ fill dirt froo the Calaveras Asbestos Mine was 
imported to the town of Copperopolis, CA to provide road bed 
m3terial for a newly constructed development. No "clean" eoil 
was mixed with the asbestos tailings, probably since asbestos
related h~alth proble~s ar~ a relativt ly recent discovery. The 
ow~er of the mine 20 years ago, · Mr. H.K. Porter (he is not the 
pre~ent owner), no•.• r eported l:: '"''r!:s in Pittsburgh, PA for the 
H.K . Porte r Co~?any. 

Ro ·, S'l;·'!lc!s, a r.::t-• ::-~.;,:; .;n~.::~h -. o~ th': tr:-; .. ··:- ,•p·,!is C':':· !!:" ti t; 
Bo.::~.::. aL:ri...;c t:-. ·~ !.? . .:.'s t.::· :-i:c·~ -: _. R~:j.l:~~ · ? S.:!ction (ERS) t•• tlt~ 
as!>::stc s p::-v~!~ ::t. A: a r..- ::11 ~ o' t .i :;, 1~- :~.nical Assistan;:e '!~a · 
(TAT) meober Steve ~.:>lfe vi.;i te-d ::l:-:, si ~e aad was informed of the 
probleQ, in detai l, by R~~ Shi~lt,. Up~~ a::-rival at the aite, it 
was d-;ter:ain~c t:u:: '!~.p:-.:. :::-r.:.: o" 1:: lS r:.il:l" of dirt roads exist 
within the co~.a~~ ty. A~equ:~e soil: S~b.ple coverage from only a 
one-day visit was thus o~·Jivusly a prob lem. In order to 
circumvent this dilemma, a plan was designed that would include 
sampling the most heavily travelled roads (which therefore 
generate the mos t airborne asbestos fibers) cou?led vitb the 
a reas co'ltab::~: the hea·1iest p:-:>":il::io'l. For the most part, 
interse:t i ~nP o! th~ di::-t roa~s ~!~: fit t~~s~ criteria . 

A t ?ta l of 29 s:. rfa· ~ soil sa::!t-1-!s ~:re g.>.~hered. The locations 
~ .. , ~ ·~s!gna ~~d or. c· ~a;> t.:!'lieh has b~: ·. f~r~·ard~?d t~ Dan S~a.,~ • 
(On-S: en,-- C<Jo: :L:. ~ ~· - ). All o~ th~ s a :.pl-: : w.:;re ta:~en fror.:a road 
surfaces except nu:;~':>-:::-s one and 13. Nu:::~~~r on,~ ~o:ss taken froe~ a 
r -~n p:.;.-.: . 1 · · _. .. · .,- fr -;):~ thi: pi·· ·: <! :--~ ·. ·-. ·.-:·a s-nall atre:1m 

· •· u· ·: - · -~ : ·.:' · - ~ ::: :'! of drinking 
~ · . ~ .. . . . ~ ~·- ·... . . . • :. , · .: · . .:. :,p ~-,e red troaa a 

.: . :. ·. .~r ~-=- . . ~~ ll soil from the 
':~ :: .. . This pl~nt 

~ J. . • • .• w~,i-:h r· -: 
. ! · :~y has ;.:s!C i">r ~ Jl~i~t \..: 

:: .. -~ :-- -~ . 
OOC1.23 
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}';{ : 2 
}'. T. BrOJ~::~~~r 

l ~T f0;~512-F-O~J2 

Th ~ la~:>:- ii !-.rt r.:-:~l!}~., for til ~ s a::tples ( p-:! rfoned by EAL 
Corporatio,) a::.· a.; f o llo1..·s: 

S<~::~ ;. l P. 1 -2 ~: 10-20i; chrysotile asbestos. The matrix 
mlterial consi~ts primarily of clay minerals, 
quartz, anj son~ calcite. 

Th ~ ~~~O~?~nyin~ photographs pre$ EOt an ov~rall v iew of the 
c :•.-- ··1ity as Wt!ll as a closer l ook at so:n-:! of the sampled area .:;. 

If yo .· II !!'.' !: any furthe:: questions regarding this matter pleas\! d o 
n~t hesitate to contact m~ • 

.. £H~~ 
Stev<.n P. Wolfe 
Te~hr.ical Assistan~e Tea:u Me!ilh~r 

C(: .. --· -
• 0 ' 

F ~ l e 

F-:.' ·.·:{ • · ·- ·-= 
::·. :-- :o= .. ' ... .. • \. ... ' - . ~ . -- - . ..... .. 

0001.24 
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APPENDIX IV 

Laboratory Analysis Reports 
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- Thermo Electron r /J. EAL Corporation 
2030 W 11ghl Avenue 
R•chrnond Caltforn.a 9J804 
1415· 235·2633 
(T\'VXl 910.382·8132 

RIEDEL ENVIRONMENTAL 
SERVICES 

230 CUTTING BLVD. 
RICHMOND.CA 94802 

SAMPLE IDD~TIFICATION 

EAL CUSTOMER 

ANALYSIS REPORT 

DATE: 
Samples Received: 

EAL W.O. No. 
Project Name: 

ASBESTOS 

% TYPE 

5-12-86 
5-2-86 
17994-0 
Copperopolis. CA 

OTHER COMPONENTS 

% TYPE 
====;========:;;::====================================================== 
2720-95-1 SOOl 30-40 chrysotile 60-70 antigorite 

clay particles 
misc. particles 

2720-95-2 S002 <1 chrysotile 99+ quartz 
feldspar 
clay particles 
fe-oxide 
misc. particles 

2720 - 95-3 S003 <1 none detected 100 quartz 
feldspar 
clay particles 
fe-oxide 
misc. particles 

2720-95-4 S004 <1 chrysotile 99+ quartz 
feldspar 
clay particles 
fe-oxide 
misc. particles 

2720-95-5 SODS 30-40 chrysotile 60-70 antigorite 
clay particles 
feldspar 
misc. particles 

2720-95-6 S006 5-10 chrysotile 90-95 quartz 
feldspar 
fe-oxide 
clay particles 
antigorite 
misc. particles 

2720-95-7 S007 40-50 chrysotile 50-60 antigorite 
clay particles 
misc. particles 

00Cl.26 
------ -------------- ----- -------- ---
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- Thermo Electron r £:. EAL Corporation 
2030 Wrtght Avenue 
R,c.,mond Cahfornoa 9-1804 
(415. 235·263:_l 
!TWX• 91C·3BL·B132 

SA.~PLE IDENTIFICATION 

EAL CUSTOMER 

2720-95-8 S008 

2720 - 95-9 S009 

2720 - 95-10 SOO l O 

2720-95-11 SOOll 

2720-95-12 S0012 

Report to: RIEDEL ENVIRONMENTAL 

ASBESTOS OTHER COMPONENTS 

% TYPE % TYPE 

30-40 chrysotile 60-70 quartz 
feldspar 
antigorite 
misc. particles 

30-40 chrysotile 60-70 quartz 
feldspar 
antigorite 
misc. particles 

40-50 chrysotile 50-60 quartz 
feldspar 
antigorite 
misc . particles 

20-30 chrysotile 70-80 quartz 
feldapr 
antigorite 
misc. particles 

<1 none detected 100 quartz 
feldspar 
clay particles 
misc . particles 

Analysis by polarized light microscopy 

......___ . 
\ f · }{._ /~ -~e.r= 
Jesse E. Fisher 
Program Manager 

EAL Corporation laboratories are Accredited by the American Industrial 
Hygiene Association; approved by the State of California for complete 

chemical, radiological, bacteriological, and bioassay analyses. 0001.21' 
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r ; .. :: Thermo Electron 
r L EAL Corporation 

2~3: ~~ .. ;- ~ ~\·e-- ... -; 
F\ ::"'-or:: Ca :::·- .a;.::j.: 
~~·~ 23::·.2€2:: 

~tY=·- r 
-·- ·- .&...-

iD:sJ;T:FICA710:~ 

Eh'~'" .... Ct!STOME..tt 

27~0-95-8 SC08 

2720-95-9 50(!9 

2720-95-10 SOOlO 

2720-95-11 50011 

2720-95-12 SCC12 

2720-96-11 SOlS 

Report to: RIEDEL ENVIRONM::t:':'A:::... 

ASEESTOS OTHER COM?CKE!\:'S 

% TYPE % TYPE 

30-40 -:-hry.sotile 60-70 quartz 
feldspar 

· antigorite 
misc. particles 

30-40 chrysotile 60-70 quartz 
feldspar 
antigorite 
misc. particles 

40-50 chrysotile 50-60 quartz 
feldspar 
antigorite 
misc. particles 

20-30 chrysotile 70-80 quartz 
feldapr 
antigorite 
mise. particles 

<1 none detected 100 quartz 
feldspar 
clay particles 
misc. particles 

40-50 chrysotile 50-60 
Analysis by polarized light m1croscopy 

antigorite 
clay particles 
feldspar 

........__ . 
. /" . ~ / chzc k • --b~e.r 
Jesse E. Fisher 
Program Manager 

misc. particle~ 

EA:. Corpc·ration laboratories are A~credited by the American Industrial 
Hy~iene Associatior.; approved by the State of California for complete 

cher.::i ca~, racaological, bacteriological. and bioassay analyses. 0001.28 
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• 
Thermo Electron 
EAL Corporation 
2030 Wrog.hl Ave'lue 
Rocnmond. Calolornoa 9480<: 
(4151 235·2633 
CTWX1 910-362-8;32 

t<ISDEL EN'.!IRONME::TAL 
SERVICES 

230 C:'T.t :NG E.::..VV . 
f::·::;~or.;:: .CA 9480: 

RECEIVED 

TAT REG IX 

ANAL\'f!S .REPORT 

DATE: 
Samples Received: 

5- 22-8(· 
5-H·-86 

EAL v;. 0. Nc·. 1799~ -0 
CO?'?ESOPOLIS Jol: No. 

ASBEs·;-0~: OTH£?< COM?O.L-fE!"'TS 

% TYFE % Tl'i''E 
================;====~~==~============-=============================;;:: 

l:-·""''"""" -· .• :J.. .. 

1~-20 chrysct~le 

~.-:::.c d.rysc~ile 

3-!:. chry::oti~e 

80-90 antiairite 
liza.rditrz 
clay particles 
felcspar 
quc.rt::: 
misc. particles 

90-9~ anti9ori~~ 
li=an.:: ~e 
clay rarticle~ 
fel:!s;:a::-
quar<.: 
iron cxid-:-5 
n.i s c • ;:.a!.- t. : c :!. e s 

95-97 ar:tiq~rite 
lizc.rdite 
clay particles 
1 eldspa1.· 
quartz 
miE::. particl~;:: 

A."':alysis l:·Y polari~ed liqr,+;: rr.icroscv~Y 

Results were rep0t-ted to I'.a;. Shane on 5121/86 

~£f;~Gcr_: 
Jesse E. Fisher 
Program Manager 

000129 
EA:. Cori··:)rat :on laboratori~s are Accred: ted by the American Industri.:1l 
Hyq-iene Assc·ciaticm; approved l:·y the State of California for ·::Or.:J?le-.:e 

,.. .... =-~-=-, -... ~..;:_, __ ~ __ , """ __ ._ __ ~_, __ .: __ , --...; '- ~ -- - -- .. - ·-- .. -· -
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• 
~ Thermo Electron 
J L EAL Corporation 

2030 W nght Avenue 
R·chmond Cahfornoa 94804 

• 
(415. 235-2633 ANA!.. YS IS REPORT 
{l\'VX: 910·382·~>132 

RIEDEL ENVIRONME~TAL 
SERVICES 

230 CUTTING BL~. 
RICHMON~,CA 94802 

E."..L CU~'l'O~ER 

DATE: 
Samples Received : 

EAL W.O. No. 
Project: 

6-3-86 
6-2-86 
17994-0 
COPPEROPOLIS 

ASBESTOS OTHER COMPONEr~TS 

% TYPE % TYPE 
::;;~==;=========:========================:=====~=========:==~========== 

21::c~ -1o1-l 95C22:!32 
5022 

10-20 chrysotile 80-90 magnetite 
antigorite 
misc. particles 

kr:.r~ 
Jesse E. Fisher 
Program Manager 

EAL Corporation la~oratorie~ are Accredited by the American Industrial 
Hygiene Association; approved by the State of California for complete 0001.30 

chem~cal, radiological, bacteriological, and bioassay anulyses. 
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• 
- Thermo Electron 
, /2 EAL Corporation 

2030 Wngnt Avenue 
Rrchmond Calrfornra 94804 
t4~5· 235-2633 
11\\.Xr 910-382-8132 

RIEDEL ENVIRONMENTAL 
SERVICES 

230 CUTTING BLVD. 
RICHMOND,CA 94802 
ATTN: GARY FLOYD 

S/o.!{?LE IDE~~'!'IFICATION 

EAL 

2720-96-l 
2720-96-2 
2720-96-3 
2720-96-4 
2720-96-5 
2720-96-6 
2720-96-7 
2720-96-8 
2720-96-9 
2720-96-10 

CUSTOMER 

AOOl-CONTROL SE SIDE 
A002-CO~~OL NW SIDE 
A003 
A004 
A005 
A006 
A007 
A008 
A009 
AOlO 

ANALYSIS REPORT 

DATE: 
Samples Received: 

EAL W.O. No. 

5-14-86 
5-8-86 
17994-0 

Purchase Order No. 

ASBESTOS FIBER COUNT 

fibers/filter 

<1100. 
<1100. 
<1100 . 
<1100. 
<1100. 
< 1100. 
<1100. 
( 1100. 
(1100. 
<1100. 

fibers/cc 
L -· 

-- . .;...·_ 

<0 . 00036 
<0.00036 
<0.00052 
<0.00036 
<0.00036 
(0.00036 
<0 . 00036 
<0.00036 

VOLUME 

( 11 ter) 

3000. 
3000. 
2070. 
3000. 
3000. 
3000. 
30~0. 
3000. 

Analysis by phase contrast microscopy per NlOSH P&CAM 239 

SAMPLE IDEN'I'lFICATlON ASBESTOS OTHER COMPONENTS 

E.l!.L CUSTOMER % TYPE % TYPE 

2720-96-11 SOlS 40-50 chrysotile 50-60 antigorite 

Analysis by polarized light microscopy 

BECEIVEI) 
. " , . ,..., -.... 
~ : ·- v 1'::1\:i;) 

clay particles 
feldspar . 
misc. particles 

~,sfe t- +;' <d..ei:: 
esse E. Fisher 

Program Manager 

EAL Cor~oration laboratories are Accredited by the American Industrial 
Hygiene Association; approved by the State of California for complete 

chemical, radiological, bacteriological, and bioassay analyses. 0001.31 
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- Thermo Electron ,£ EALCorporation 

2030 Wrtght Avenue 
R•chmond. Cahforn•a 94804 
14151 235-2€33 
ffi\'Xi910·382-8132 

RIEDEL ENVIRONMENTAL 
SERVICES 

230 CUTTING BLVD . 
RICHMOND,CA 94802 

S/1-~F'LE IDEN'!'!.FICATim~ 

EAL CUSTOMER 

2720 - 97 - 1 AOll 
2720-97-2 A012 
2720-97-3 A013 
2720-97-4 A014 
2720-97-5 A015 
2720-97-6 TA002 
2720-97 - 7 TA003 
2720-97-8 TA004 
2720- 97-9 TA005 
2720-97-10 A016 
2720-97-11 A017 
2720-97-12 A018 
2720-97 - 13 A019 
2720-97-14 A020 
2720-97-15 A021 
2720-97-16 A022 

ANALYSIS REPORT 

DATE: 
Samples Received: 

EAL W.O. No. 
Project: 

ASBESTOS FIBER COUNT 

fibers:f i lter fibers lee 

<1000. <0.00034 
<1000. <0.00034 
<1000. <0.00034 
<1000. <0.00034 
<1000. <0.00034 
18000. 0.0090 

2000. 0.0010 
35000. 0.017 
<1000. <0.00050 
4500 . 0.0015 

<1000. (0 . 00034 
2000. 0.00067 
1000. 0.00033 
1000 . 0 . 00033 
1000. 0.00033 
1000. 0 . 00033 

Analysis by phase contrast microscopy per NIOSH P&CAM 239 

~--f~ 
Jesse E. Fisher 
Program Manager 

5-16-86 
5-12-86 
17994-0 
COPPEROPOLIS 

VOLUME 

(liter) 

3000. 
3000. 
3000. 
3000. 
3000. 
2004. 
2004. 
2004. 
2004 . 
3000 . 
3000. 
3000. 
3000 . 
3000. 
3000. 
3000. 

EAL Corporation laboratories are Accredited by the American Industrial 
Hygiene Association ; approved by the State of California for comple,t..eOf'4. 32 chemical, radiological, bacte riological, and bioassay analyses. U ~~ 
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fttd-Tox Associlhs, Inc. 1229 Hortna Blvd S&n Ditgo, CA 92110 <619> 276-8843 

TEH QtJM'ITATIVE liNil. YSI S 
<AIR> 

ROY F. WESTtN, INC. 
120 ~RD ST. ,S.420 ~ FRiiKISCO,CA 415-543-5099 
6ARY A. FLOYD 

Job Nulllbtr : 5112 
Silllp It Numbtr : TADO 6 
MT Numbtr : 10663 
Dah : JLNE 23,1986 
Dfscription : COPPEROPOliS, CA 

Total Art& Scannrd 23940.0 sq um 
Hlgnif ic&tion 20000 x 
Art& of Or iginal Filtrr : 8.55 sq em 
Artl Ashtd 4.28 sq ca 
Dilut ion Factor 1.00 
Atu of "'llbranr 2.01 sq ca 
Vollllftt of Air 2.004 cubic artrr 
Total nu.btr of structs : 118 
Dthction Li•it : 8369.4 fibtrs/cu llfttr (1 fibfr) 
Rtlilblt Dtttction Li•it: 41847.2 fibrri/cu llfttr <5 fibr rs> 

Asbestos &.ary 

Fibrr 8undlt 

Structurt Cone. <structurti/cu aettr> 

Chrysot i It 251083.3 42~41.6 

Mph i bo 1r 0.0 0.0 

Hlss Conctntration <ng(cu ~~rttr) 

Chrysot i It 20.16 210.95 

Alp IIi bolt o.oo 8.00 

TOTAL ASBESTOS STRUCTURES: 

Clushr 

17S758.3 

0.0 

119815.53 

0.00 

Structurr Concentration 853683.1 <structurrs/cu artrr> 

Han Concrntrat ion 120046.63 <ng(cu ~~rtrr > 

Anal yst Jtn'b . ...15;~ 

Hltrix 

o.o 

o.o 

o.oo 

o.oo 

000133 
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"'d-Tox Associates , Inc. 1229 Hotena Blvd San Diego, CA 92110 <619) 276-8843 

ROY F. WEST(}{, INC. 

TEH QUANTITATIVE ANALYSIS 
<AIR> 

120 tOIARD ST. ,S.420 ~ FIW4CISCO,CA 415-543-5099 
GARY A. FLOYD 

Job Nu!Dbtr 
Sialph Number 
HT Nunlbtr 
Datt 
Otscription 

: 5112 
: TA006 
: 10663 
: JlNE 23,1986 
: COPPEROPOLIS, CA 

Total Area Scanned 23940.0 sq um 
P11gn ification 20000 x 
Area of Original Filter 8.55 sq an 
Aru Ashed 4.28 sq e11 

Dilution Flctor 1.00 
Arn of Htt~~bnne 2.01 sq Cll 

Vol11111t of Air 2.004 cubic ••br 
Total numbtr of structs : 118 
Ottection Limit : 8369.4 fibtrs/cu mtttr <1 fiber> 
Rei iablt Otttetion Lilllit: 4f8.47.2 fibtrs./cu ~~tthr (5 fibers> 

t t FIBER t t 

Cllrysot i It ltllpll iboh lndtttl'lli unt 

Total Number of Structures Counttd 30 0 

Ptrctnt Total Structures L:3.4 o.o 0.8 

Total Structure Conctntration 251083.3 0.0 8369.4 
<structurts ptr cubic mtttr of air> 

Totti Surftct Art& 134917.9 0.0 3976.9 
<sq ua ptr cubic lfttr of air) 

Total P11ss Conctntration 20 .16 0.00 
<ng ptr cubic ~tttr of air> 

Structurts > 5.0 u. ltngtll Counttd 0 0 

Percent Structures > S.O ~ ltngtll 0.8 o.o o.o 

Struct Concentration > 5.0 ~ ltngtll 8369.4 0.0 0.0 
<structurts ptr cubic ~tttr of air> 

Ltngth gto. Man 1.3645 0.0000 3.0000 
standard dtu iat ion 1.3405 0.0000 0.8000 

OiM~tttr gto. Min 0.0585 0.0000 0.0500 
standard dtuiation 0.0835 0.0000 0.0000 

---- -- - - ---

Nonube s t os 

5 

4.2 

41847.2 

13376.8 

0 

0.0 

o.o 

1.1933 
0.6262 

0.87S8 
0.0671 

00(1.34 

---- ---
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"'d-Tox As~ociatts, Inc. 1229 Mortna Blud S&n Ditgo, CA 92110 <619> 276-8843 

TB1 OlMM'ITATIVE IWILYSIS 
<AIR> 

ROY F. WESTIJ'I, INC. 
120 JOri\IID ST. ,S.4i9 ~ F~Istn,CA 415-543-5099 
6ARY A. FLOYD 

Job Nullbtr : 5112 
Samplt NUabtr : TA006 
KT Nulllbtr : 10663 
Date : JtNE 23,1986 
Otscript ion : COPPEROPOliS, CA 

Tohl Aru Sunnrd 23940.0 sq 111 

Klgn if i e&t ion 20000 x 
Art& of Or igin&! Filttr 8.55 sq on 
Aru Aslltd 4.28 sq c• 
Dilution Factor 1.00 
Aru of Htlabrant 2.01 sq c. 
Vol 11111t of Air : 2.004 cubic •thr 
Tot&! nllllbtr of structs : JJ8 
Otttction Li11it : 8369,4 fibtrslcu lllfhr <1 fibtr> 
Rtlilblt OtttctiOh Li•it: 41847.2 fibtrslcu .,trr <S fibtrs> 

Tot&l Numbtr of Structurts Counttd 

Ptrctnt Tot&l Structurts 

Total Structurt Conctntration 
<structurts ptr cubic Nttr of air> 

Total Surftct Art& 
(sq u. ptr cubic .. ttr of air> 

Total Klss Concentration 
<ng ptr cubic .. ttr of air> 

Structurts > 5.0 u. ltngth Counttd 

Ptrctnt Structurts > 5.0 Ull ltngth 

Struct Conctntr&tion > S.O um length 
<structurts ptr cubic .. ttr of air> 

Ltngth geo • .,,n 
standard dtu i at ion 

OiiiNhr gtO, N&n 
standard deviat ion 

Ctlrysoti It 

51 

43.2 

426841.6 

848651.7 

210.95 

s 

4.2 

41847.2 

2.2998 
2.1704 

0.1207 
0.1678 

ftllphibolt 

0 

o.o 

o.o 

o.o 

o.oo 

0 

o.o 

o.o 

0.0000 
8.0000 

0.0000 
0.0000 

Indtttr.i n&nt Nonubtstos 

4 

3.4 

33477.8 

64450.3 

0 

0.0 

o.o 

1.5729 
1.2210 

0.1682 
0.2029 

1 

0.8 

8369.4 

10648.8 

0 

0.0 

o.o 

!.2000 
0.0000 

0.3000 
0.0000 

OOC135 
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HtcHox Anocilhs, Inc . 1229 Hortnl Blvd San Ditgo, rA '2110 (619> 276-8843 

ROY F. WESTCt4 I INC. 

TEJ1 IDM"ITATlVE N-W.YSIS 
<AIR> 

120 IGWW ST. ,S.420 ~ Frw¢lstO,rA 415-543-5099 
6ARY A. FLOYD 

Job Humbtr : 5112 
S•p 1 t Nunlbtr : TAOOcS 
PfT Numbrr : 10663 
D1tt : JI.NE 2311986 
Dtscription : COPPEROPOLIS, CA 

Tohl Aru Scanned 23940.0 sq ua 
~gnif i ution : 20000 x 
Arta of Originil Filttr : 8.55 sq Oft 

Aru Ashtd 4.28 sq cr. 
Dilution Fictor 1.00 
Aru of Httllbrant 2.01 sq c11 
Volulllt of Air 2.004 cubic Mttr 
Total nu.btr of structs : 118 
Dtttction liait : 8369.4 fibtrslcu llltttr (1 fibtr > 
Rtliablt Dtttctioa liait: 41847.2 fibtrslcu -.trr <5 fibtrs> 

• • CLUSTER * * 
Chrysot i It Alllp h i bo It 

Total Numbtr of Structurts Counttd 21 0 4 

Ptrctnt Totil Structurts 17.8 o.o 3.4 

Totil Structurt Conctntration 175758.3 0.0 334n.8 
(5tructurts ptr cubic lltttr of air) 

Total Surfact Artl 2106841.2 o.o 13825.1 
<sq u. ptr cubic .,ttr of air> 

Total Mass Conctntration 119815.53 o.oo 
<ng ptr cubic .,ttr of air> 

Structurts > 5.0 u. ltngth Counttd 6 0 8 

Ptrctnt Structurts > 5.0 ~ ltngth 5.1 o.o 0.0 

Struct Conctntration > 5.0 ~ ltngth 50216.7 0.0 o.o 
<structurts ptr cubic IHttr of air> 

Avg ltngth gto. Man o.oooo 8.0000 1.3774 
shndird dtvi ation 3.9804 0.0000 0.4384 

Aug DiMlthr gtO. Min 0.2110 0.0000 o.om 
st~ndard dtviltion 0.9493 0.0000 0.0307 

·-·----·- .. ·· ------- ------ - --- --- -----

0.8 

8369.4 

5291.5 

0 

o.o 

o.o 

4.0000 
0.8000 

0.0500 
0.0000 

---

0001.36 

--------
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• 
~d-Tox As~oc i ~tt~, Inc. 1229 Hortn~ Blvd San Oitgo, CA 92110 <619> 276-8843 

ROY F. WEST~, INC. 

PMSE COORAST EQUIVALENT 
<AIR> 

120 ~RD ST. ,S.420 ~ F~ISCO,CA 415-543-5099 
GARY A. flOYD 

Job Nlebtr : 5112 
Samplt ~btr : TA006 
MT NUmbtr : 10663 
Oltt : JUNE 23,1986 
Otscription : COPPEROPOLIS, CA 

Tobl Aru Sunntd 23940.0 sq • 
~gn i fiut i on 20000 x 
Arti of Originil filttr : 8.55 sq eM 
Art~ A~htd 4.28 sq c• 
Oi !uti on futor 1.00 
Aru of ~~~~br~nt 2.01 sq c• 
Volume of Air 2.004 cubic .,ttr 
Tot&! nu.btr of structs : 7 
Otttction Li•it : 0.0084 fibtrslcc <I f ibtr) 
Rtli&blt Dtttction li111it: 0.0418 fibtrslcc <5 fibtrs> 

Structurt Conctntr&tion <structurtslcc> 
for 

Structurt~ >= 5.0 wa ltngth & 
)z 0.3 u. dia.tttr 

fibtr Bundlt Clusttr 

Chry~tilt 0.0000 0.0167 0.0418 

Altph ibolt 0.0000 0.0000 0.0000 

lndthrlllin&nt 0.0000 0.0000 0.0000 

Non~sbtstos 0.8000 0.0000 0.0000 

TOTAL ASBESTOS STRUCTURE CIMENTRATI~S: 

Asbtsto~ Structurtslcc 8.0586 

Non~sbtstos Structurts/cc o.oooo 

~trix 

0.0000 

0.0000 

0.0000 

8.0000 

0001.37 
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Htd-Tox Auociahs, Inc. 1229 ~rtn& Blud Sln Di tgo, rA '2110 (619> 276-8843 

TEM QUANTITATIVE ANALYSIS 
DATA LISTING 

<AIR> 

ROY f. WEST!t4, INt . 
120 HOWARD ST.,S.420 
6ARY A. FlOYD 

WI f~CJSCO,rA 415-543-5099 

Job Nulllbt r : 5112 
Salllp I t Nullbt r : TAO 0 6 
MT tblbtt : 10663 
Datt : JI.NE 2311986 
Otscription : COPPEROPOLJ S, CA 

Fitld I r.tructurt I bpt di~~~tthr ltnoth I of fibtrs crosr.ino? ID trutltn. 

1 1 bun o.os 4.00 5 no c 
1 2 bun 0.05 1.30 2 no c 
1 3 bun 0.10 2.30 2 no c 
1 4 bun 0.08 2.50 2 no c 
1 5 fib 0.05 1.00 no c 
1 6 fib o.os 1.50 )'fS i 3.00 
1 7 clu 0.30 4.50 12 no c 
1 8 bun 0.05 1.00 2 no c 
1 9 fib 0.05 2.00 no n 
1 10 bun 0.10 2.80 3 no c 
1 11 fib 0.05 1 IJO no n 
1 12 bun 0.05 2.00 4 no c 
1 13 fib 0.10 0.60 no II 
1 14 fib o.os 1.00 no c 
1 15 clu 0.10 1.50 3 . 110 i 
1 16 fib o.os 1.40 no II 
1 17 clu 0.10 2.00 5 110 i 
1 18 bun 0.30 1.80 5 no c 
1 19 fib 0.10 2.80 no c 
1 20 fib 0.03 0.30 no c 
1 21 clu 0.05 1.00 3 110 c 
1 22 fib 0.04 2.00 no c 
1 23 fib 0.05 2.00 no c 
1 24 bun 0.08 2.20 3 no c 
1 2S clu 0.80 6.00 20 110 c 
1 26 fib 0.08 3.00 no c 
1 27 fib 0.05 1.20 liD c 
1 28 clu o.os 4.00 2 liD II 
1 29 bun 0.80 3.00 20 no c 
1 3D bun 0.20 1.80 2 liD c 
1 31 clu 0.20 0.80 6 110 c 
1 32 fib 0.20 0.80 no n 
1 33 fib o.os 2.00 110 c 
1 34 clu 0.05 2.80 2 liD c 
l 35 bun 0.40 2.70 18 no c 
1 36 bun 8.30 1.60 8 liD c OCG-1.38 l 37 bun 0.40 1.40 8 liD c 
1 38 f i b 0.50 4.00 no c 
2 1 clu o.t5 6.40 ' "" 

------
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Mtd-Tox Associatts, Inc. 1229 Hortnl Blvd San Oitgo, rA 92110 (619) 276-8843 

TB1 QtWITITATIVE IHU.YSIS 
DATA LISTING 

<AIR> 

Fitld I structure I typt di~~~tttr ltngth I of fibers crossing? 10 trutltn. 

2 3 bun 0.20 2.00 2 no 
2 4 clu 2.00 6.60 50 no c 
2 5 clu 0.10 1.20 4 no 
2 6 clu 0.04 1.00 2 no 
2 7 bun 0.15 1.80 4 no c 
2 8 bun o.os 0.80 2 :10 c 
2 9 bun 8.05 4.80 2 10 c 
2 10 bun o.os 3.00 2 no c 
2 11 clu 3.00 7.20 so no c 
2 12 clu 0.50 2.00 10 no c 
2 13 clu o.os 1.80 3 no c 
2 14 clu 0.20 1.00 8 no c 
2 IS bun 0.05 0.80 2 no c 
2 16 bun 0.08 1.20 2 no c 
2 17 clu o.os 0.60 2 no c 
2 18 clu 0.05 0.30 2 no c 
2 19 bun 0.30 4.50 10 110 c 
2 20 fib 0.05 0.60 110 t 
2 21 bun 0.08 0.60 2 no i 
2 22 bun ·u .10 6.80 3 no t 
2 23 bun 0.10 1.60 4 no c 
2 24 bun 8.15 3,60 4 no c 
2 25 clu 0.08 0.00 2 110 c 
2 26 bun 0.08 0.70 2 no c 
2 27 bun 0.10 1.20 4 110 c 
2 28 bun 0.15 1.60 3 no c 
2 29 bun 0.20 4.00 6 no c 
2 30 iib 0.04 2.50 110 c 
2 31 fib 0.04 1.40 no c 
2 32 fib 8.06 2.10 no c 
2 33 clu o.os 1.40 2 110 c 
2 34 clu 0.30 2.00 7 no c 
2 35 bun 0.15 2.40 3 110 t 
2 36 bun 0.08 2.80 2 no c 
2 37 bun o.to 1.60 3 )'ts c 3.20 
2 38 clu o.os 0.80 2 liD c 
2 39 fib 0.08 3.50 no c 
2 40 fib 0.08 1.40 no c 
2 41 fib 8.06 1.20 liD c 
2 42 bun 0.40 2.00 20 no c 
2 43 bun o.so 3.40 10 no i 
2 44 bun 0.30 1.20 3 liD II 
2 45 fib 0.05 0.70 no c 
2 46 bun 0.05 4.80 3 110 c 
2 47 bun 0.10 0.90 2 110 c 
2 48 fib 0.05 1.20 no c 
2 49 fib 0.06 3.00 no c 
2 50 fib 0.08 1.00 no t 
2 51 fib 0.05 0.80 no t 00( 139 
3 1 bun 0.10 6.70 5 no c 

--- - - ------
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"'d-Tox Associltrs, Inc. 1229 Horrnl Blvd Sin Dirgo, CA V2110 (619) 276-8843 

TEH QUANTITATIVE ANALYSIS 
DATA LISTING 

<Alii> 

Firld I structure I type diiltttrr length I of fibrrs crossing? ID trurlrn . 

3 2 bun 0.05 2.00 2 no c 
3 3 bun 0.20 1.60 4 no c 
3 4 fib 0.05 0.90 no c 
3 5 bun 0.10 J .50 2 110 
3 6 fib 0.08 3.20 YfS c 6.40 
3 7 fib 0.05 1.00 110 t 
3 8 bun 0.50 7.00 10 no c 
3 9 bun 0.08 3.50 2 no t 
3 10 fib 0.05 1.00 no c 
3 11 fib 8.05 0.60 no c 
3 12 clu 0.20 3.50 12 no c 
3 13 bun 0.08 2.80 2 no c 
3 14 bun 0.15 6.00 4 no c 
3 15 bun 0.10 2.20 2 no c 
3 16 bl!n 0.50 4.50 15 no c 
3 17 bun o.oe 2.10 2 no c 
3 18 clu 0.10 4.00 3 no c 
3 J9 bun 0.60 J3.00 20 no c 
3 20 bun 0.15 1.20 2 no c 
3 21 bun 0.08 3.40 3 no c 
3 22 bun 0.10 2.20 3 no c 
3 23 bun 0.05 0.80 2 no c 
3 24 clu 2.00 6.80 50 110 c 
3 25 clu 2.00 5.00 so no c 
3 26 fib o.os 0.80 no c 
3 27 bun 0.10 1.20 2 no c 
3 28 fib o.os 1.00 DO c 
3 29 f ib 8.05 0.80 no c 

OOC140 
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DfOMAS V. DAGENHART 
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o ::c urATIOUAL AND EtNIROf•MWIAL HEALTH SERVICES 
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1220MOil£""8L\.tl_SIINOIEGO.CA92tt0(6t9)21~~3(~''>)54!-~!:~ 

QA / QC for Asbestos Analvses 

For all nnolyses the laboratory adheres to established EPA and NIOSH 
metltod~ os the most bas ic foundation of quality control and to eneure 
compnrnbllity of dntn to eetabliehed databases. For each analytical 
method further QC procedures are detailed below. 

rhsse ConttnRt lUcroscopy (PCM) 

Accur ncy of PCH nnalyeee ie evaluated by participation in the 
Nntfonnl lnBtitute for Occupational Safety and Health Proficiency 
Analyticnl Te8ting {PAT) progrom. Additional accuracy cheeks include 
i n terlnborntory comparison of resul ts on real samples and 
intralaborntory comparison of results between different analyete. 

Precieion of reM analyses is determined by blind replicate analyaee 
on 10% of Rnmples. 

Blonk levelR are determined on field blanke and lab blanke vhich 
number 10% of the total aamplee. 

Polarhed Light Microscopy (PLH) 

Accuracy of PLH analysee is evaluated by participation in the 
Envi ronmentnl Protection Agency Bulk Asbeetos Quality Assurance 
Program . Additional checks on accuracy include interlaboratory 
compnriRon of results on real samples and intralaboratory comparisons 
between different analysts. Out lab also maintains a reference eet 
of bulk oRbeatoa samples including UlCC asbestos atandards and 
eomplea collected from various U. s. mines by our 8taff. Our bulk 
standards have been analyzed by benchmark mineralogical techniques 
including electron microscopy and x-ray diffraction and are auperior 
to standorda available commercially. 

Precision of PLM analyses ie determined by blind replicate analyeea 
on 10% of samples . 

Contaminntion of bulk eamples ie controlled by ensuring that only 
qualified personnel collect the aamplee in approved containers. 

Transmission Electron Microscopy (TEH) 

A~curacy of TEH analyses is evaluated by analysie of National Bureau 
of Standnrds, Standard Reference Material 11876 (asbestos fibers on 
air f11terR) . Additional checks on accuracy include apiking filtera 
with known aqueous asbestos atandarda to check asbeatoa mass 
concentrations and to verify proper identification of asbestoa 
mineral srecieB. Interlaboratory and intralaboratory analytical 
comparisons on real samples also play a fundamental part in our QC 
program. 

Precision of TEH analyses is determined by blind replicate analya~a 
on S% o! aamples. 

Blank levels are determined on field blanks and lab blanks vhi ch 
number 10% of the total aamples. 

000140.001 
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(ASSOCIATES . INC 

OCCUPATIONAL & ENVIRONMENTAL HEALTH SERVICES 

lUSTIN 

FORHULA FOR CALCULATING AIR VOLUMES REQUIRED 
DURING ASBESTOS HONllORING 

f x....!..x_l_ X-1--v 
F a 1000 C 

f • minimum number of fibers to achieve a statistically 
significant detection limit, e.g. 10 fibers for PCH and 5 
fibers for TEH 

F • number of fields counted, e.g. 100 fields for PCH and 10 
fields for TEH 

A • effective collection area of original filter, e.g. 385 mm2 
for 25 mm diameter filter and 855 mm 2 for 37 mm diameter 
filtera 

a • area of microscopic field of view, e.g. 0.00785 mm2 for a 
properly calibrated Walton-Beckett graticule (PCH) and 
0.0072 mm2 for a TEH grid square 

C • fiber concentration of desired detection limit, e . g. 0.01 
fibers/em) 

V • •inimum air volume which •ust be sampled to achieve desired 
detection limit (result in litera if above units are used) 

Worked Examples : 

for PCH 10 385 1 1 
100 X 0.00785 X 1000 X .01 • 490 litera 

for TEH 5 385 1 1 
lO X 0 . 0072 X 1000 X .01 • 2674 litera 

If you have any questions concerning variables in the above equation. 
please feel free to call me . 

Tom Dagenhart 
San Diego Lab Manager 

BRANCH OffiCES 

PUASANT Hill 

' 

I 

0001.41 
stATTlE 


	APPENDIX I: PHOTOGRAPHIC DOCUMENTATION
	APPENDIX II: ANALYTICAL TECHNIQUES FOR ASBESTOS
	APPENDIX III: PRELIMINARY ASSESSMENT REPORT
	APPENDIX IV: LABORATORY ANALYSIS REPORTS



